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Preface

The 1991 Philips Components-Signetics PLD Data Handbook is loaded with
information on new parts. Using the fastest technologies in the most innovative
architectures, today’s system designer can pick from the largest selection of PLDs
in the industry. Featured in 1991 are the ultra high-speed BiCMOS devices
designed to be pin, function, and fusemap identical to existing industry standard
parts. Some highlights of this handbook include the fastest silicon PLDs available
(PHD16N8 and PHD48N22)—at 5 nanoseconds! These devicas make ideal
decoders to squeeze maximum performance from powerful microprocessors.

Designers using DRAM, VRAM and graphics will appreciate the speed and power
of the new line of sequencers which include the PLC415, PLC42VA12, PLUS405
and PLUS105. These sequencers also make innovative bus and LAN controllers for
emerging standard protocols.

At last, the logical power of dual programmable arrays comes forth in the PLUS153
and PLUS173 devices—at 10 nanosecond propagation delays.

The PLC18V8Z is the only zero power 20-pin device which can replace 16V8's!

For maximum density in a truly compact system, the Programmable Macro Logic
family now boasts four members—the PML2552 and PLHS601 are added to the
original PLHS501 and PLHS502. The PML2552 is the PLD industry’s first dense
device to implement SCAN test,

To complement the devices, SLICE design software is offered through our Sales
Offices (see Section 11) and SNAP software is available for high level support.
Read about them under Product Support.

Expanding customer service has been an ongoing effort. Our Applications staff
continues to answer your technical questions on PLD designs and our free
computer Bulletin Board, with 24-hour service, is at (800)451-6644.

New PLD users are encouraged to read the Applications Section for an overview of
PLD ideas. More seasoned PLD users are encouraged to go through the PLD
applications and PML applications at the end of the handbook to gain
understanding and ideas for new designs.
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Data Sheet
Identification

Product Status

Definition

Fi ive or In Design

This data sheet contains the design target or goal
specifications for product development. Specifications may
change in any manner without notice.

Product

This data sheet contains preliminary data and
supplementary data will be published at a later date.
ignetics reserves the right to make changes at any time

without otice in order to improve design and supply the best
possible product.

Product Specificati

Full Prods

This data sheet contains Final Specifications. Signetics
reserves the rightto make changes at any time without notice
in order to improve design and supply the best possible
product.
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ARCHITECTURE TOTAL INTERNAL STATE
SIGNETICS (INPUTS x TERMS INPUTS | LOGKC | REGISTERS OUTPUTS

PART NUMBER x OUTPUTS) PACKAGE | (¥ Dedicated) | TERMS | (¥ Dedicated) C,lO,R,RUO [teg(Max) | fuax | lec(Max)
PAL®-TYPE DEVICES
PLQ16L8-5 16 %64 x8 20-Pin 16(10) 64 0 2C,610 Sns 180mA
PLQ16R4-5 16x64 %8 20-Pin 16(8) 64 4(0) 410,4R 5ns 118MHz | 180mA
PLQ16R6-5 16x64 %8 20Pn | 168 64 6(0) 210,6R 5ns | 118MHz | 180mA
PLQ16R8-5 16x64 8 20-Pin 16(8) 64 8(0) 8R 118MHz | 180mA
PLUS16L8-7 16x64 x8 20-Pin 16(10) 64 0 2C,610 75ns 180mA
PLUS16R4-7 16x64x8 20-Pin 16(8) 64 4(0) 410,4R 75ns 74MHz | 180mA
PLUS16R6-7 16 %64 x8 20-Pin 16(8) 64 6(0) 210,6R 75ns 74MHz | 180mA
PLUS16R8-7 16x64 x8 20-Pin 16(8) 64 8(0) 8R 74MHz | 180mA
PLUS16L8D 1664 %8 20-Pin 16(10) 64 0 2C,610 10ns 180mA
PLUS16R4D 16 %64 x8 20-Pin 16(8) 64 4(0) 410,4R 10ns 60MHz | 180mA
PLUS16R6D 16x64 x8 20-Pin 16(8) 64 6(0) 210,6R 10ns 60MHz | 180mA
PLUS16R8D 16x64 x8 20-Pin 16(8) 64 8(0) 8R 60MHz | 180mA
PLQ20L8-5 20%64x8 24-Pin 20(14) 64 0 2C,610 s 210mA
PLQ20R4-6 20%x64x8 24-Pin 20(12) 64 4(0) 410,4R Sns 118MHz | 210mA
PLQ20R6-5 20%x64x8 24-Pin 20(12) 64 6(0) 210,6R 5Sns 118MHz | 210mA
PLQ20R8-5 20x64x8 24-Pin 20(12) 64 8(0) 8R 118MHz | 210mA
PLUS20L8-7 20x64x8 24-Pin 20(14) 64 0 2C,610 75ns 210mA
PLUS20R4-7 20x64x8 24-Pin 20(12) 64 4(0) 410,4R 75ns 74MHz | 210mA
PLUS20R6-7 20x64x8 24-Pin 20(12) 64 6(0) 210,6R 7.5ns 7AMHz [ 210mA
PLUS20R8-7 20x64%8 24-Pin 20(12) 64 8(0) 8R 74MHz | 210mA
PLUS20L8D 20%x64x8 24-Pin 20(14) 64 0 2C,610 10ns 210mA
PLUS20R4D 20x64x8 24-Pin 20(12) 64 4(0) 410,4R 10ns 60MHz | 210mA
PLUS20R6D 20x64x8 24-Pin 20(12) 64 6(0) 2V0,6R 10ns 60MHz | 210mA
PLUS20R8D 20%x64x8 24-Pin 20(12) 64 8(0) 8R 60MHz | 210mA
PLHS16L8A 16 %64 x8 20-Pin 16(10) 64 0 2C,610 20ns 155mA
PLHS16L8B 1664 x8 20-Pin 16(10) 64 0 2C,610 15ns 155mA
PLHS18P8A 18x72x8 20-Pin 18(10) 72 0 810 20ns 155mA
PLHS18P8B 18x72x8 20-Pin 18(10) 72 0 8lo 15ns 155mA
PHD16N8-5 16x16x8 20-Pin 16(10) 16 0 2C,810 5ns 180mA
PHD48N22-7 48x73x22 68-Pin 48(36) PE] 0 10C, 12110 7508 420mA
PLC18V8Z/18VeZI 18x74x8 20-Pin 18(8) 74 8(0) 8 varied 35,40ns | 21MHz | 100pA,

1mAMHz

PLQ22V10-7 22x132x10 24-Pin 22(12) 182 10(0) 10R, 110 7.5ns 87MHz
10H20EV8H 0020EVE** 20x90 % 8 24-Pin 20(12) 90 0 8 varied 45ns | 222MHz | 230mA
PLA
PLS100/101 16x48x 8 28-Pin 16(16) 48 0 8C 50ns 170mA
PLS153 18x42x10 20-Pin 18(8) 42 0 1010 40ns 155mA
PLS153A 18x42x10 20-Pin 18(8) 42 0 1010 30ns 155mA
PLUS153B 18x42x10 20-Pin 18(8) 42 0 1010 15ns 200mA
PLUS153D 18x42%10 20-Pin 18(8) 42 0 1010 12ns 200mA
PLUS153-10"* 18%42x10 20-Pin 18(8) 42 0 1010 10ns 200mA
PLS173 22x42x10 24-Pin 22(12) 42 0 1010 30ns 170mA
PLUS173B 22x42x10 24-Pin 22(12) 42 0 1010 15ns 200mA
PLUS173D 22x42x10 24-Pin 22(12) 42 0 1010 12ns 200mA
PLUS173-10" 22x42x10 24-Pin 22(12) 42 0 1010 10ns 210mA

January 1991 4



Philips Components-Signetics Programmable Logic Devices

Selection Guide

ARCHITECTURE TOTAL INTERNAL STATE
SIGNETICS (INPUTS x TERMS INPUTS LOGIC REGISTERS OUTPUTS
PART NUMBER x OUTPUTS) PACKAGE | (¥ Dedicated) | TERMS | (¥ Dedicated) C,V0,R,RUO | tpp(Max) fuax Iec (Max)
PLS
PLS105 1648 %8 28-Pin 22(16) 48 6(6) 8R 14MHz | 180mA
PLS105A 1648 x 8 28-Pin 22(16) 48 6(6) 8R 20MHz 180mA
PLUS105-45" 16x48x8 28-Pin 22 (16) 48 6(6) 8R 45MHz 200mA
PLUS105-55* 16 x48x 8 28-Pin 22 (16) 48 6(6) 8R 55MHz | 200mA
PLUS405-37 16x64 x8 28-Pin 24 (16) 64 8(8) 8R 37MHz 225mA
PLUS405-45 16x64 x 8 28-Pin 24 (16) 64 8(8) 8R 45MHz 225mA
PLUS405-65* 1664 x8 28-Pin 24 (16) 64 8(8) 8R 55MHz 225mA
PLS155 16x45x12 20-Pin 16 (4) 45 4(0) 810,4R10 50ns 14MHz 190mA
PLS157 16x45x 12 20-Pin 16 (4) 45 6(0) 610,6R110 50ns 14MHz 190mA
PLS159A 16x45x12 20-Pin 16 (4) 45 8(0) 410,8R10 35ns 18MHz 190mA
PLS167 14x48%6 24-Pin 22(14) 48 8(6) 6R 14MHz 180mA
PLS167A 14x48%6 24-Pin 22(14) 48 8(6) 6R 20MHz 180mA
PLS168 12x48x6 24-Pin 22(12) 48 10 (6) 8R 14MHz 180mA
PLS168A 12x48x6 24-Pin 22(12) 48 10 (6) 8R 20MHz 180mA
PLS179 20%x45x12 24-Pin 20(8) 45 8(0) 41/0,8R10 35ns 18MHz 210mA
PLCA42VA12 42x105% 12 24-Pin 42(10) 105 10(0) 10CorRI0,210 | 35ns 25MHz 90mA*
PLC415-16 17 %68 x 8 28-Pin 25(17) 68 8(8) 8R 100pA/
80mA
PML™
PLHS501 104 x 116 x 24 52-Pin 24 116 0 16C, 810 22ns 295mA
PLHS502 128 x 144 x 24 68-Pin 24 144 16 (16) 16CorR, 20ns S50MHz 370mA
80O orRIO
PLHS601 68x134x 24 68-Pin 28 134 0 12C, 1210 21ns 340mA
PML2552 185 x 226 x 24 68-Pin 29 226 36 (20) 24C,16R,16 VO | 40ns S0MHz 100mA
PAL-Type = Programmable Array Logic (Fixed OR Array)-Type
PHD = Programmable High-Speed Decoder
PLA = Programmable Logic Array
PLS = Programmable Logic Sequencer
PML = Programmable Macro Logic
OUTPUTS:
C = Combinatorial output
R = Registered output
/O = Combinatorial /O
R I/O = Registered /O
NOTES:
fmax = 1/{tis + tcko) worst case
* Measured at 15MHz (TTL input level)
** Under development
PAL is a trademark of AMD/MMI.
PML is a trademark of Philips Components-Signetics.
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Philips Components—Signetics
Programmable Logic Devices may be
ordered by contacting either the local
Signetics sales office, Signetics

Ordering Information

Table 1 provides part number definition
for Signetics PLDs. The Signetics part
number system allows complete
ordering information to specified in the

Military versions of these commercial
products may be ordered. Please refer
to the military products data handbook
for complete ordering information.

representatives or authorized
distributors. A complete listing is located
in the back of this handbook.

part number. The part number and
product description is located on each
data sheet.

New Signetics PLD Part Numbering System

P(L) XX YYYY z

p

Package Designator
F - 20-, 24-Pin Ceramic DIP (300 mil)
N — 20-, 24-Pin Plastic DIP (300 mil)
F ~ 28-Pin Ceramic DIP (600 mil)
N - 28-Pin Plastic DIP (600 mil)
N3 - 28-Pin Plastic DIP (300 mil)
A - 20-, 28-lead Plastic Leaded Chip Carrier
FA - 20-, 24-Pin Ceramic DIP with Quartz Window (300 mil)
KA - 68-Pin Ceramic Chip Carrier with Quartz Window

Performance Indicator

(May be blank, A, B, D, -7, etc. to designate speed variations
in basic part.) :

Basic Part Number

(3 to 8 characters)
(e.g., 100, 105, 153, 168, 173, 18P8, 42VA12)

Process/Architecture Indicator

S - Bipolar Junction Isolated Schottky — Nichrome fuses
C -~ CMOS - EPROM cells
HS - High Speed Bipolar Oxide Isolated — Vertical Fuse
US - High Speed Bipolar Oxide Isolated ~ Lateral Fuse
HD - High Speed Decoder
ML - Macro Logic
(Blank for ECL devices)

January 1991
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Programmable Logic Devices

WHAT IS PROGRAMMABLE AND/OR/INVERT architecture allowed Philips Components-Signetics PLDs.
LOGIC? the custom implementations of Sum of Parts for every need are available in

In 1975, Signetics Corporation Product logic equations. Second, the nearly every architecture and across at
developed a new product family by three-level fusing allows complete least three technologies. the PLUS and
combining its expertise in semi-custom flexibility in the use of this device family. ~ PLHS prefixes describe bipolar parts,
gate array products and fuse-link Alllogic interconnections from input to the PLC prefix describes EPLD (CMOS)
Programmable Read Only Memories output are programmable. parts and the PLQ prefix refers to the
(PROMs). Qut of this marriage came Figure 1 shows the architecture of a new Signetics QUBIC BICMOS process.
Signetics Programmable Logic Family.  pigh performance sequencer combining Figure 2 shows a shorthand image of
The PLS100 Field-Programmable Logic 5 pL A architecture with JK flip-flops.  the PLUS193 programmable logic array
Array (FPLA) was the first member of Table 1 shows the current spectrum of (PLA), which was derived from the

this family. The FPLA was an important

industry first in two ways. First, the

original PLS100.

NOTES:

\ ; PR
“COMPLEMENT" ,_I\I_D K op

ARRAY

© STATE
REGISTER

oK
. cLK
% ) z OR GATES 1H>q—|:|

48 AND GATES

KCK

OUTPUT
REGISTER

(PIE)

D

PR

L'—

I,P, C, N, F and P/E are user-programmable connections.

Figure 1. High Speed Sequencer

PR/OE

OUTPUTS
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Table 1. PLD Product Family

PART NUMBER TYPE CONFIGURATION
20-PIN
PHD16N8 PHD 12-Input/8-Output
PLS153/153A PLA 18-Input/10-Output - 42-Term
PLUS153B/153D/153-10 PLA 18-Input/10-Output ~ 42-Term
PLS155-159A PLS 16-Input/12-Output — 45-Term
PLS155 PLS 4 Registered Outputs
PLS157 PLS 6 Registered Outputs
PLS159A PLS 8 Registered Outputs
PLHS18P8A/B PAL-Type 18-Input/10-Output — 72-Term
PLHS16L8A/B PAL-Type 16-Input/8-Output — 64-Term
PLC18V8Z/I PAL-Type _ 18-Input/8-Output - 72-Term
PLQ16L8-5 PAL-Type 16-Input/8-Output — 72-Term
PLQ16R4-5 PAL-Type 16-Input/4-Output, 4 Registers
PLQ16R6-6 PAL-Type 16-Input/6-Output, 6 Registers
PLQ16R8-5 PAL-Type 16-Input/8-Output, 8 Registers
PLUS16L8D/~7 PAL-Type 16-Input/8-Output — 72-Term
PLUS16R4D/-7 PAL-Type 16-Input/4-Output, 4 Registers
PLUS16R6D/~7 PAL-Type 16-Input/6-Output, 6 Registers
PLUS16R8D/-7 PAL-Type 16-Input/8-Output, 8 Registers
24-PIN ’
PLS167/A PLS 14-Input/6-Output ~ 48-Term
8-Bit State Registers
6-Output Registers
PLS168/A PLS 12-Input/8-Output — 48-Term
10-Bit State Registers
8-Output Registers
PLS173/PLUS173B/D/-10 PLA 22-Input/10-Output — 42-Term
PLS179 PLS 22-Input/10-Output — 42-Term
PLC42VA12 PLS 42-Input/12-Output, 10 Registers
PLQ20L8-5 PAL-Type 20-Input/8-Output
PLQ20R4-5 PAL-Type 20-Input/4-Output
PLQ20R6-5 PAL-Type 20-Input/6-Output
PLQ20R8-5 PAL-Type 20-Input/8-Output
PLQ22V10-7 PAL-Type 22-Input ~ 10 Registered /0 — 132-Term
PLUS20L8D/-7 PAL-Type 20-Input/8-Output
PLUS20R4D/-7 PAL-Type 20-Input/4-Output
PLUS20R6D/~7 PAL-Type 20-Input/6-Output
PLUS20R8D/~7 PAL-Type 20-Input/8-Output
28-PIN
PLC415-16 PLS 17-Input/8-Output — 68-Term
8-Bit State and Output Registers
PLS100/101 PLA 16-Input/8-Output - 48-Term
PLS105/105A/PLUS105 PLS 16-Input/8-Output — 48-Term
6-Bit State Register
8-Output Registers
PLUS405 PLS 16-Input/8-Output — 64-Term
8-Bit State and Output Registers
52-, 68-PIN
PLHS501 PML 32-Input/24-Output - 116-Term
PLHS502 PML 32-Input/24-Output — 144-Term
PLHS601 PML 40-Input/24-Output — 150-Term
PML2552 PML 53-Input/24-Output — 226-Term
PHD48N22 PHD 48-Input/22-Output

January 1991
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©
<

Figure 2. PLUS153 20-Pin Functional Diagram
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PLD LOGIC SYNTHESIS
Nointermediate step is required to implement
Boolean Logic Equations with PLDs. Each
term in each equation simply becomes a
direct entry into the Logic Program Table.
The following example illustrates this

straightforward concept:
Xo=AB +TD + BD
X, =AB +TD + EFG
T AND  ______pouaRTy_ |
S v _I_CIJ.;IJ_LIH_
R INPUT (1) T ouutr
P-Terms [T 9a] ] 2] 0] o8] 7] 6] 5] a[a]2] 1] o] 7] e[ 5] 4] 3] 2] 1] 0]
Po=AB o |-Vt -p-l-j-y-l-tHlm]-]-i-]-]- < | A
P, =CD v -l Tl Tl -T-T-T-T-T-Te]ul-]-T- Al A
P, = BD PR I Y S S O S S ST T <A
P; = AB 3 (—{-l-1-1_-1- - vimw| -P-T-1-1_ Al .
Pe=EFG [ _a | -T-T-T-1T-1T- - - -T-TwHluH[H Al o
L]
L]
LJ
4
45
Xo=Pg+Py+ Py 46
Xy =Py 4Py 4Py o
No. | 20| 21| 22| 23] 2a[ 25| 26| 27{ 2| 3| 4|5 |6 |7 |89 10 1| 12[13] 15| 16| 17{ 18
] AlBlc|[D[E|F|G X1 | %o
ow
<=
E<
=
>
Figure 3. Field Programmable Logic Array
A
B
Xp ¢ Xy
D
Xg= AB +TD + BD E Xy =%B +TD + EFG
F
G
Figure 4. Equivalent Fixed Logic Diagram .
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In the previous example, the two Boolean Step 1
Logic equations were broken into Product Select which input pins g — b5 will
terms. Each P-term was then programmed correspond to the input variables. In this
into the P-term section of the PLA Program  case A~ G are the input variable names. Ig
Table. This was accomplished in the following  through I were selected to accept inputs
manner: A - G respectively.
T AND | _POLARITY |
VS [ L I ] LTy
R I .. S ——
Wl e ] ouTPUTFp_ — ]
15]1a) a2 [ 0] el 8] 7] 6]l 5] 4f3]z2] 1] 7] 6l 5] 4] 3] 2] 1] o0
)
1
2
3
4
L
L ]
L )
“
45
46
47
:‘g 20{21(22| 23| 24({ 25{ 26{ 27 2 (3|4 |5|{6[7 8|9 10 11 12{13]15 /16| 17| 18
w AlB|c|D|E|F|G
aw
g =
E<
z£=z
>
Figure 5

Step 2 This P-term translates to the Program Table This term is defined by selecting C = 14 =L
Transfer the Boolean Terms to the PLA by selecting A=lg=HandB =l5=H and and D = I3 = H, and entering the data into the
entering the information in the appropriate Program Table. Continue this operation until

Program Table. This is done simply by
column. all P-terms are entered into the Program

defining each term and entering it on the
Program Table. Table.
eg., Po=AB P, =CD
. AND _ __ _POLARIY_ _ ]
3 I . R B A
R R -
Wl e SUTFuTEe__ |
5] 14] 93] 12| 1] 0] 91 8] 7] 6] 5] 4 sl 2] 1] 0 7] 6 5] 4] 3] 2] 1] 0

o |l -T-l-T-Tl-T-1-Tulwl-T-{-T-T-
o -l = = =1-]-]t]n -
2 |-l === =l=d=tml ===
3 | - P IS S S S S
o - -T - -Twululn

L]

L ]

®
a
a5
45
47
PN 20| 21| 22| 23 28| 25| 26f 27| 2| 3 | 4| 5] 6|78 9 10| 1| 12| 13]15{16]17] 18
w
= alBlc|o|e|F|a
]
g =
ﬂ_:<
z
<
S

Figure 6
13
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Step 3

Select which output pins correspond to
each output function. In this case Fp =
Pin 18 = Xp, and Fy = Pin 17 = X;.

T AND | — o FOLARTY ]
o EITCITIOCIY
R I et be———R
O I . N _ Ch
1514131211“0!875543210 7| 6| 5| 43} 2]1] 0
0 J - [ -} -l <] <! <t =]l-1lH|lH|-1-{=]-]-
1 | -lef-t bl -bol-flelnul-]-}-
2 | -f-T-T-1T-[-T-T-JT-T=-JH][-Tu]-]-1-
3 | -[-1-1-]-]- LWl - -1-]-]-
4 J-j-T-]-1-1- -] -] -]-{HlH|H
L )
.
d
4
45
45
a7
:‘g 20{ 21 22| 23 24| 25| 26| 27} 2| 3| 4| 5|6 |78 9 1] 11| 12[ 13[15| 16| 17| 18
w AlB{c|DlE|F|@G X1l %
ow
q=
E<
ez
>
Figure 7
Step 4 this equation. Therefore, it is only necessary be expressed as X, by placing an (L) in the
Select the Output Active Level desired for o place an (H) in the Active Level boxabove  Active Level box above Output Function 1,
each Output Function. For Xg the active Output Function 0, (Fo). Conversely, X; can (F4)-
level is high for a positive logic expression of '
T AND | _pouaRTY |
A I S i A
R e
M f= = =1 (NPT ) —— I |—— OUTPUT
15| 14l 13 12] 1] 10l of 8] 7| 6] s af3]2]1 6] s 4f]3a[2]1]0
0 || -] = ] =1 <] ~ - | H{H] -] - -] -
NN AN
2 ot -]-]-]-]-]- -|-1H Ll -} -] -
3 (=1 -t -l -1 -lL{H -1 =1 -1 -
4 | -] -1 -1 -1 -] - e I I e e N
*
L ]
o
4
45
4%
47
z‘g 20(21(22]| 23| 24 25| 26| 27} 2| 3|4 [s5[6| 7|8 | 9 10] 11| 12[ 13|15/ 16| 17| 18
‘_‘-,'m AlB|c|D|E|F|a X4 | %
@
q=
=<
ez
>
Figure 8
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Step 5

Select the P-Terms you wish to make
active for each Output Function. In this
case Xg = Pg + Py + Pg, so an A has been
placed in the intersection box for Pg and Xg,
Py and X and P, and Xo.

Terms which are not active for a given output
are made inactive by placing a (s) in the box
under that P-term. Leave all unused P-terms
unprogrammed.

Continue this operation until all outputs have
been defined in the Program Table.

Step 6
Enter the data into a Signetics approved
programmer. The input format is identical to
the Signetics Program Table. You specify the
P-terms, QOutput Active Level, and which
P-terms are active for each output exactly the
way it appears on the Program Table.

January 1991

TL AND | ___powamyy |
B e 4 FI-CI L IOXIy
" INPUT () T
s ) [l [0l o[ e[ 7] e[ s]al3l 2| 10| [7[e[s[a[3] 2] 1] 0]
0 |-l [ -] =0 = =]l =} -] ~|HIB] -1t -f - o | A
LI N S B Y B A N S I O I O O A Al A
2 (-] -1-T-]-T-T- -1 -] Ll -] - ol
F T N S O S (U N SRR e PO U O O N N e e Al -
a V-l -yp-T-t-1-l-T-1-T-T-1ulnulH Al
[ ]
L]
*
44
45
Xo=Po+Py+ Py A8
Xi=P3+Py+Py l:l:l
no. | 2] 21 22) 23} 24} os| 26 27 2| 3] 4} 5|6 | 7|80 10| 1] 12} 13| 15| 16| 17| 18
w AlBlc|lo|E|lF|G X3{ Xo
Dw
<=
=
%=
>
Figure 9
15
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PLD LOGIC SYNTHESIS

(Continued)

When fewer inputs and outputs are required
in a logic design and low cost is most
important, the Signetics 20-pin PLD should
be considered first choice. The PLUS153 is a

the direction of pins Bg — Bg. The D-terms
control the 3-State buffers found on the
outputs of the Ex-OR gates. Figures 10 and
11 show how the D-term configures each Bx

pin.

PLA with 8 inputs, 10 I/0 pins, and 42
product terms. The user can configure the
device by defining the direction of the I/O
pins. This is easily accomplished by using the
direction control terms Do — Dg to establish

By
[,J [J [ conTROl
T D 2
T 0 B
| ¥o 3.STATE |
| BUFFER I
| 1
|
So i >'|>‘“————"“ OBy
% 3.STATE
BUFFER

Figure 10. PLUS153 Functional Diagram

oo L3

vols

with Feedback

a. Dg Active Makes By Appear as an Output

Dy P3; Po Dy
)
4
(0} OUTPUT [{+] INPUT
5 L >- 2
3-STATE 3-STATE
BUFFER ACTIVE — BUFFER INACTIVE
(OPEN)

b. Dg Inactive Makes By Appear as an Input

Figure 11

January 1991

16




Philips Components-Signetics Programmable Logic Devices

Programmable Logic Introduction
To control each D-term, itis necessary to ways. A HIGH can be forced on all control Programming the fuse permanently places a
understand that each control gate is a gate input nodes, or fuses can be HIGH (1) on the input to the control gate. The
36-input AND gate. To make the 3-State programmed. When a fuse is programmed, input pin no longer has any effect on that
buffer active (By pin an output), the output of that control gate input node is internally state.
the control gate must be at logic HIGH (1). pulled up to HIGH (1). See Figure 12 and
This can be accomplished in one of two Figure 13.

VeeO AT puse inTact VecO WA f—e
L
IHI
l L
P
1= HIGH (1) 0———1 12 LOW (0) O———
H H L
L
Lﬁﬁ CONTROL GATE Lﬁj_.conmu GATE
TO AND L 70anD
ARRAY ARRAY
OR- OR- N
ARRAvo_DEJ},E—Q By = OUTPUT A AYo_l >_1—Qsmnz By = INPUT
BUFFER BUFFER

Figure 12. Input Effect on Control Gates (Fuse Intact)

VecO M sk pROGRAMMED
p—o
IHl
1
1= HIGH (1) 0——
H H
Lﬁﬁlcmmu GATE
TO AND
ARRAY
OR- o—(}——l—c
ARRRY pyesem By = OUTPUT
BUFFER

Figure 13. Effect on Control Gate if Fuse is Programmed
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DEDICATING By PIN DIRECTION
Since each input to the D-terms is true and
complement buffered (see Figure 11), when
the device is shipped with all fuses intact, all
control gates have half of the 36 input lines at
logic low (0). The result of this is all Control
Gate outputs are low (0) and the 3-State
buffers are inactive. This results in all By pins
being in the input condition. the resultant
device is, therefore, an 18-input, 0-output
FPLA. While useful as a bit bucket or

Write-Only-Memory (WOM), most applica-
tions require at least one output. Clearly, the
first task is to determine which of the By pins
are to be outputs. The next step is to
condition the control gate to make the 3-State
buffer for those gates active. To dedicate By
and B, as outputs, it is necessary to program
all fuses to the inputs to Control Gates Dy
and Dy. This internally pulls all inputs to those
gates to HIGH (1) permanently. since all

inputs to the Control Gates are HIGH (1), the
output is HIGH (1) and the 3-State buffers for
Bg and By are active. This permanently
enables By and B, as outputs. Note that even
though Bg and B, are outputs, the output data
is available to the AND array via the internal
feedback (see Figure 11a).

To program this data, the PLUS153 Program
Table is used as shown in Figure 14.

POLARITY
| Vo T AND OR
o E | B(l) B(0)
. =5 [ 5 R
' [ -] M [7Tss[afs]2[1Jo]o]a [7 6] s]4]a 2]+ ]e sfe[7]6]s]afs]2]1]0
) v £
LI Y [] T I 1 | |
ANEREE t i f { f
HEHR R : ; —+

7] el = 2
S I E IR K] . 4 } }
L} mall IE Y
| o ‘ 1 : : ;
| o
R
3 *
A = e
§ . @ .
. =
i NEIME 30 | I I |
2. w 3 T ! t
< ©
Ve s D3 |o]o]ojojofofe]o[o[v,0]0]0[0}0]0[0]0 w
"é'!; 08 fofofojojofojofofojojofojojojofof0]0
o
v (212318 07 |o]d]o|ojo]o[efo[o[ojo]0]0]0jols]0]0
'
' 050000|0000000000|0000
o5 [ofo]o]oJo[o[o[o]o]olo[o[o[ololofafo
. moooo[ooooooLonooloooo
g'iﬁx mooo?lrooooootoooo:oooo
ggslg D2 |o|o]oojo]o[o|a|o[oj0]0[0[0j0[0]0]0
2 } + t
188 285 DO Il D
=8 = Do [=|=[=[—j=[=[<[=]=[=)=]~] =] =1={<|=]~
- <T
PR . @
'§_§g.§§33 PN |a|7]e|s]afa]2]1]19]18]17]16[15]1a]r3]r2]n1]0 19[18[17]16]15[1a 13 12|11 |9
gﬂégégé )
£2£8 28 3
£3% &
s7:288% |4
3 SSEQE ow
Ted2 g2 3 <=
sEoss 38 8 |ES
boswd SE 8 o=
EEF26 528 5 §
2. N
Figure 14. Dedicating By and B, as Outputs and B, Through By as Inputs
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By placing a (—) Don't Care in each input inactive and the B; - By pins are enabled as the Control Gate to respond to one or more
box you are specifying that the True and inputs. Alt By pin directions can be controlled  input pins. Itis only necessary to select which
Complement fuses are programmed on each in this manner. |x and By pins will control the pin directions
Control Gate, thus permanently dedicating and the active level HIGH (H) or LOW (L) that
the By and B pins as outputs. By placing a will be used. The PLUS153 Program Table in
(0) in all input boxes for B, - Bg, you are ACTIVE DIRECTION CONTROL Figure 15 shows the method of controliing
specifying that both True and Complement Sometimes it is necessary to be able to Bo — Bg with |7. When |7 is LOW (L), pins
fuses are intact. This causes a low (0) to be actively change the direction of the By pins By ~ Bg are outputs; when |7 is HIGH (H),
forced on half of the Control Gate inputs, without permanently dedicating them. Some pins Bg — Bg are inputs, Note that by
guaranteeing the output of the Control Gate applications which require this include programming all other Ix and By pins as
will be low (0). When the Control Gate 3-State bus enable, multi-function decoding, DON'T CARE (—), they are permanently
outputs are low (0), the 3-State buffer is etc. This can easily be done by programming  disconnected from control of By pin direction.

POLARITY

LT T
. o T AND OR
V8 S 5 ! B{) B(0)
@ pe)

' v 9 M [7]6[s[4]a]2[1]ofofa]7]6][s[4]a]2[1]0 olsl7[s[s[sa]a]2[1]0
el g [0 I 1 T I |
' wlig -~ }

S u Z 'E- ! ! Z 7. ! {
AR E R : | : :
HEEEHREE R ! } -} {

- o ] | | 1
w oo IR | 1 | | |
; '
= .
= . . .
& ' 5 .
8| ¢ =
£ : of {4 | %0 ! T
8| [ ! in
BE NN e S e EE e R e EEEESEE T
! 5 £ baL_.__l_._____l____?I:_.__
R - e Bl CE2 Iy ) i
) os || [=[=I=I=[—[===1=- == =]-]=
o5 |L|-]={=T=T=]=[=]=T=T=[==|=T<1-]=
» D4 |L|—]=[=T=[=]=]=F=]=T ]| -] —
U.A_g' e D3 [L|—[—f=0df-f =} =TT —
258 Zrs o (ol m o
afe g2 Lo [ [T === T
:;55_,:;580 PIN J8|7)6)s]af3]2]1]19]18]17[16]15[1a]13]12|11] 9 19(18[17] 18|15 |14 )13 [12{n1 |9
$E23:p ¢
i 23 3
E 2 2x O 3 w
$§=3 R0 |2u
g2 g2z <

gizzg ir§ |E%

5FFew 585 <

Z < o ©

Figure 15, Active Control of By — B, Using I; Active Low (L)
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The previous 28-pin logic synthesis example
could be done on the PLUS 153 as follows:

Xo =AB +TD + BD
X,=AB+TD+EFG

Note that By was used as a CHANGE input.
When By is HIGH (H) the outputs appear on
Bg and Bo. When Bg is LOW (L), the outputs

appear on Bg and By. By through Bs are not
used and therefore left unprogrammed.
Signetics offers two packages for user-
friendly design assistance. The first package,
AMAZE, has evolved over 10 years to
support Signetics programmable products
with logic equation, state equation, and
schematic entry. AMAZE can compile
designs quite well for Signetics lower density

parts. However, to satisfy the needs of
Programmable Macro Logic users, Signetics
developed an additional software package
called SNAP. SNAP expands upon the
capabilities of AMAZE in its approach to
design implementation, more closely
resembling a gate array methodology. Both of
these products are described in more depth
at a later point in this handbook.
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Figure 16. PLUS153 Example
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SEQUENTIAL LOGIC
CONSIDERATIONS

The PLUS405, PLUS105 and PLC42VA12
represent significant increases in complexity
when compared to the combinatorial logic
devices previously discussed. By combining
the AND/OR combinatorial logic with clock
output flip-flops and appropriate feedback,
Signetics has created the first family of totally
flexible sequential logic machines.

The PLUS405 (Programmable Logic
Sequencer) is an example of a high-order
machine whose applications are many.
Application areas for this device include
VRAM, DRAM, Bus and LAN control. The
PLUSA405 is fully capable of performing fast
sequential operations in relatively high-speed
processor systems. By placing repetitive
sequential operations on the PLUS405,
processor overhead is reduced.

The following pages summarize the
PLUSA405 architecture and features.

Sequencer Architecture

The PLUS405 Logic Sequencer is a program-
mable state machine, in which the output is a
function of the present state and the present
input.

With the PLUSA405, a user can program any
logic sequence expressed as a series of
jumps between stable states, triggered by a
valid input condition (l) at clock time (t). All
stable states are stored in the State Register.
The logic output of the machine is also
programmable, and is stored in the Output
Register. The PLUS105 is a subset of the
PLUS405.

Clocked Sequence

A synchronous logic sequence can be
represented as a group of circles inter-
connected with arrows. The circles represent
stable states, labeled with an arbitrary numer-
ical code (binary, hex, etc.) corresponding to
discrete states of a suitable register. The
arrows represent state transitions, labeled
with symbols denoting the jump condition and
the required change in output. The number
of states in the sequence depends on the
length and complexity of the desired
algorithm.
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Figure 17. Basic Architecture of PLS105 FPLS. |, P, N, and F are Multi-line
Paths Denoting Groups of Binary Variables Programmed by the User.

L‘PR

y/F3

Figure 18. Typical State Diagram.
1, _3 Are Jump Conditions Which
Must Be Satisfied Before Any
Transitions Take Place. F, Are
Changes in Qutput Triggered by |,
and Stored in the Output Register.
State Transitionsa »bandc—d
Invoive No Output Change.

:> Ta=t-1-P

Figure 19. Typical State Transition
Between Any Two States of Figure 18,
The Arrow Connecting the Two States

Gives Rise to a Transition
Term T, | is the Jump Condition.
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State Jumps

The state from which a jump originates is
referred to as the Present state (P), and the
state to which a jump terminates is defined as
the Next state (N). A state jump always
causes a change in state, but may or may not
cause a change in machine output (F).

State jumps can occur only via “transition
terms” Ty,. These are logical AND functions of
the clock (t), the Present state (P), and a
validinput (I). Since the clock is actually
applied to the State Register, T, = lsP. When
Tnis “true”, a control signal is generated and
used at clock time (1) to force the contents of
the State Register from (P) to (N), and to
change the contents of the Output Register (if
necessary). The simple state jump in

Figure 20, involving 2 inputs, 1 state bit, and
1 output bit, illustrates the equivalence of
discrete and programmable logic
implementations.

Sequencer Logic Structure

The Sequencer consists of programmable
AND and OR gate arrays which control the
Set and Reset inputs of a State Register, as
well as monitor its output via an internal
feedback path. The arrays also control an
independent Output Register, added to store
output commands generated during state
transitions, and to hold the output constant
during state sequences involving no output
changes. If desired, any number of bits of the
Output Register can be used to extend the
width of the State Register, via external
feedback.

January 1991

o>
(2]
O

1]
o3

T=ABO

Figure 20. Typical State Jump From State (0) to State (1),
If Inputs A = B =*1”. The Jump Also Forces F = “1”, as Required.
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Figure 21. Simplified Logic Diagram of PLUS105
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Figure 22. Typical AND Gate Coupled to () and (P) Inputs.
If at Least One Link Pair Remains Intact, T, is Unconditionally Forced Low.

4 4L ,
—D —D D-

Figure 23. Choice of Input Polarity Coupling to a Typical
AND Gate. With Both Links Open, (I) is Logically Don’t Care.

L

Ty T2 T3

bisP2  Tols  lP2

Figure 24. Typical Transition Terms
Involving Arbitrary Inputs and State
Variables. All Remaining Gate Inputs
Are Programmed Don’t Care. Note
That T, Output is State Independent.

Input Buffers

16 external inputs (Im) and 6 internal inputs
{Ps), fed back from the State Register, are
combined in the AND array through two sets
of True/Complement (T/C) buffers. There are
a total of 22 T/C buffers, all connected to
multi-input AND gates via fusible links which
are initially intact.

Selective fusing of these links allows coupling
either True, Complement, or Don't Care
values of (I) and (Ps).

“AND” Array

State jumps and output changes are
triggered at clock time by valid transition
terms T,. These are logical AND functions of
the present state (P) and the present input (I).

The PLUS105 AND Array contains a total of

January 1991

48 AND gates. Each gate has 45 inputs —
44 connected to 22 T/C input buffers, and

1 dedicated to the Complement Array. The
outputs of all AND gates are propagated
through the OR Array, and used at clock time
(1) to force the contents of the State Register
from (P) to (N). they are also used to control
the Output Register, so that the FPLS 8-bit
output F, is a function of the inputs and the
present state. The PLUS405 contains 64
AND gates in its' AND array.
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“OR” Array

In general, a clocked sequence will consist of
several stable states and transitions, as

determined by the complexity of the desired b _%
algorithm. Al state and output changes in the

state diagram imply changes in the contents I _&
of State and Output Registers.

Thus, each flip-flop in both registers may Py
need to be conditionally set or reset several %
times with T, commands. This is accom-

plished by selectively ORing through a EJ E’j E’
programmable OR Array all AND gate OUTPUT

tputs T, to activate the pro, aadlLy
outputs T, necessary to actival roper .
flip-flop control inputs. D_ R )
The PLUS 105 OR Array consists of 14 pairs D__
of OR gates, controlling the S/R inputs of 14

State and Output Register stages, and a I
single NOR gate for the Complement Array. RS&“STTEER cK
All gates have 48 inputs for connecting to all P
48 AND gates. The PLUS405 uses 64 input

gates.

The PLUS405 contains 16 pairs of OR gates P —G

controlling state transitions and output stages I

and two additional NOR gates for dual cK

complement arrays.
Figure 25. Typical OR Array Gating of Transition Terms T 2 3 Controllin

Complement Array . o ypl\rbilrary Sla‘l’e and gulpul Register Stages‘.'zs o

The COMPLEMENT Array provides an

asynchronous feedback path from the OR

Array back to the AND Array.

This structure enables the sequencer to

perform both direct and complement sequen- : AND ARRAY :

tial state jumps with a minimum of transition | L) |

(AND) terms. | |

Typically direct jumps, such as Ty and T in | [j [j [j [j [j |
i i i COMPLEMENT

Figure 27 require only a single AND gate RRAY LOGIC | |

each. PATH e+ 4 L _41___1

But a complement jump such as T5 generally
requires many AND gates if implemented as
a direct jump. However, by using the
Complement Array, the logic requirements for [ e

|

|

|

|

|

|

|

this type of jump can be handled with just one
more gate from the AND Array. Because it
can be splitinto separate machines (2
clocks), the PLUS405 incorporates two
COMPLEMENT Arrays.

T 1

|

|
R

|

|

OR ARRAY |

Figure 26. The COMPLEMENT Array Is Logically Constructed from a
multiple input Programmable NOR Gate. All AND Terms Coupled to the
OR Gate are Complemented at the Inverter Output, and Can be Fed Back
as Inputs to the AND Array.
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TRANSITION TERMS

Tq=PoX
DIRECT
T = PoY

COMPLEMENT { T3 =PoX-¥) = Po(Ty + T2)

a. Typlcal State Sequence

False.

Po

Figure 27.

a. X and Y Speclfy the Conditional Logic for Direct Jump Transition Terms T,
and Tz. The Complement Jump Term T is True Only When Both Ty and T, are

L
COMPLEMENT ARRAY

T3 = Po(PoX + PgY)
T3 = PolPo{X + Y]]
T3 =PolPg+(X+Y)]
T3=04+Pp(X+ V)
T3=PoX-V)

b. Complement Jump

b. Note that the Complementary Logic Expression for T3, T; + T3, Corresponds
Exactly to the Logic Structure of the Complement Array.
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As indicated in Figure 28, the single Comple-
ment Array gate may be used for many states
of the state diagram. This happens because
all transition terms linked to the OR gate
include the present state as a part of their
conditional logic. In any particular state, only
those transition terms which are a function of
that state are enabled; all other terms
coupled to different states are disabled and
do not influence the output of the Comple-
ment Array. As a general rule of thumb, the
Complement Array can be used as many
times as there are states.
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Td1=loh Po
Ta2=1a Pg
Tea=(Td1+Ta2) Po= (ol +12) P

Tasg=12P3
Tde=lol1 Po
Tes=(Tda + Tae) P3=(lgl1 +12) Py

Ten = COMPLEMENT STATE TRANSITION TERM
Tdn = DIRECT STATE TRANSITION TERM
Pg = PRESENT STATE

lo o—12 o ——I3
— 13
—2 —12
—s S
l:ZU U00000U jiss':v“m [2 UJU000U }""‘

.
ANANAN

L
AJATAYAYATA
A

Q2 S Q; S
R R
Td1 Td2  Tea  Tds Tdg  Tes Tdt Td2 Tc3 Tds Tds Tes
8 TRANSITION TERMS USED 6 TRANSITION TERMS USED
c. State Logic without Using the Complement Array d. State Logic Using the Complement Array

Figure 28. Logic Reduction with the Complement Array. The Logic State Diagram In (a) Includes Complement Jumps T¢3 and
Tcs Defined in (b). When Using the Complement Array, a Savings of 2 Transition Terms Results, as Shown in (c) and (d).

Additional features are available depending Programmable Macro Logic, Signetics very
on a specific part. In particular, the high density logic is fully described in detail in
PLC42VA12 has everything mentioned here, its own section.

and more. More details on PLAs, PAL-Type

devices and Sequencers can be found in the

application section later in the manual.
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SIGNETICS PROGRAMMABLE
LOGIC QUALITY

Signetics has put together winning processes
for manufacturing Programmable Logic. Our
standard is zero defects, and current
customer quality statistics demonstrate our
commitment to this goal.

The PLDs produced in the Standard Products
Group must meet rigid criteria as defined by
our design rules and as evaluated with a
thorough product characterization and quality
process. The capabilities of our
manufacturing process are measured and the
results evaluated and reported through our
corporate-wide QAO5 data base system. The
SURE (Systematic Uniform Reliability
Evaluation) program monitors the
performance of our product in a variety of
accelerated environmental stress conditions.
All of these programs and systems are
intended to prevent product-related problems
and to inform our customers and employees
of our progress in achieving zero defects.

RELIABILITY BEGINS WITH THE
DESIGN

Quality and reliability must begin with design.
No amount of extra testing or inspection will
produce reliable ICs from a design that is
inherently unreliable. Signetics follows very
strict design and layout practices with its
circuits. To eliminate the possibility of metal
migration, current density in any path cannot
exceed 2 x 105 amps/cm?. Layout rules are
followed to minimize the possibility of shorts,
circuit anomalies, and SCR type latch-up
effects. Numerous ground-to-substrate
connections are required to ensure that the
entire chip is at the same ground potential,
thereby precluding internal noise problems.

PRODUCT CHARACTERIZATION
Before a new design is released, the
characterization phase is completed to insure
that the distribution of parameters resulting
from lot-to-lot variations is well within
specified limits. Such extensive
characterization data also provides a basis
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for identifying unique application-related
problems which are not part of normal

data sheet guarantees. Characterization
takes place from —56°C to +125°C and at
10% supply voltage.

QUALIFICATION

Formal qualification procedures are required
for all new or changed products, processes
and facilities. These procedures ensure the
high level of product reliability our customers
expect. New facilities are qualified by
corporate groups as well as by the quality
organizations of specific units that will
operate in the facility. After qualification,
products manufactured by the new facility are
subjected to highly accelerated environmental
stresses to ensure that they can meet
rigorous failure rate requirements. New or
changed processes are similarly qualified.

QA05 — QUALITY DATA BASE
REPORTING SYSTEM

The QAOS5 data reporting system collects the
resuits of product assurance testing on all
finished lots and feeds this data back to
concerned organizations where appropriate
action can be taken. The QAOS5 reports EPQ
(Estimated Process Quality) and AOQ
(Average Outgoing Quality) results for
electrical, visual/mechanical, hermeticity, and
documentation audits. Data from this system
is available upon request.

THE SURE PROGRAM

The SURE (Systematic Uniform Reliability
Evaluation) program audits/monitors products
from all Signetics’ divisions under a variety of
accelerated environmental stress conditions.
This program, first introduced in 1964, has
evolved to suit changing product complexities
and performance requirements.

The SURE program has two major functions:
Long-term accelerated stress performance
audit and a short-term accelerated stress
monitor. In the case of Bipolar Memory and
Programmable Logic products, samples are
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selected that represent all generic product
groups in all wafer fabrication and assembly
locations.

THE LONG-TERM AUDIT
One-hundred devices from each generic
family are subjected to each of the following
stresses every eight weeks:

® High Temperature Operating Life:
T, = 150°C, 1000 hours, static biased or
dynamic operation, as appropriate (worst
case bias configuration is chosen)

® High Temperature Storage: T = 150°C,
1000 hours

©® Temperature Humidity Biased Life: 85°C,
85% relative humidity, 1000 hours,
static biased

® Temperature Cycling (Air-to-Air): —65°C to
+150°C, 1000 cycles

THE SHORT-TERM MONITOR
Every other week a 50-piece sample from
each generic family is run to 168 hours of
pressure pot (15psig, 121°C, 100% saturated
steam).

In addition, each Signetics assembly plant
performs SURE product monitor stresses
weekly on each generic family and molded
package by pin count and frame type.
Fifty-piece samples are run on each stress,
pressure pot to 96 hours, thermal shock to
300 cycles.

SURE REPORTS

The data from these test matrices provides a
basic understanding of product capability, an
indication of major failure mechanisms and
an estimated failure rate resulting from each
stress. This data is compiled periodically and
is available to customers upon request.

Many customers use this information in lieu
of running their own qualification tests,
thereby eliminating time-consuming and
costly additional testing.
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RELIABILITY ENGINEERING

In addition to the product performance
monitors encompassed in the Programmable
Logic SURE program, Signetics' Corporate
and Division Reliability Engineering
departments sustain a broad range of
evaluation and qualification activities.

Included in the engineering process are:

® Evaluation and qualification of new or
changed materials, assembly/wafer-fab
processes and equipment, product
designs, facilities and subcontractors

® Device or generic group failure rate studies

® Advanced environmental stress develop-
ment

® Failure mechanism characterization and
corrective action/prevention reporting

The environmental stresses utilized in the
engineering programs are similar to those
utilized for the SURE monitor; however, more
highly-accelerated conditions and extended
durations typify the engineering projects.
Additional stress systems such as biased
pressure pot, power-temperature cycling, and
cycle-biased temperature-humidity, are also
included in the evaluation programs.

FAILURE ANALYSIS

The SURE Program and the Reliability
Engineering Program both include failure
analysis activities and are complemented by
corporate, divisional and plant failure analysis
departments. These engineering units
provide a service to our customers who
desire detailed failure analysis support, who
in tum provide Signetics with the technical
understanding of the failure modes and
mechanisms actually experienced in service.
This information is essential in our ongoing
effort to accelerate and improve our
understanding of product failure mechanisms
and their prevention.

ZERO DEFECTS PROGRAM

In recent years, United States industry has
increasingly demanded improved product
quality. We at Signetics believe that the
customer has every right to expect quality
products from a supplier. The benefits which
are derived from quality products can be
summed up in the words, Jower cost of
ownership.

January 1991

Those of you who invest in costly test
equipment and engineering to assure that
incoming products meet your specifications
have a special understanding of the cost of
ownership. And your cost does not end there;
you are also burdened with inflated
inventories, lengthened lead times and more
rework.

SIGNETICS UNDERSTANDS
CUSTOMERS’ NEEDS

Signetics has long had an organization of
quality professionals, inside all operating
units, coordinated by a corporate quality
department. This broad decentralized
organization provides leadership, feedback,
and direction fo achieving a high level of
quality.

In 1980 we recognized that in order to
achieve outgoing levels on the order of
100ppm (parts per million), down from an
industry practice of 10,000ppm, we needed to
supplement our traditional quality programs
with one that encompassed all activities and
all levels of the company. Such
unprecedented low defect levels could only
be achieved by contributions from all
employees, from the R and D laboratory to
the shipping dock. In short, from a program
that would effect a total cultural change within
Signetics in our attitude toward quality.

QUALITY PAYS OFF FOR OUR
CUSTOMERS

Signetics’ dedicated programs in product
quality improvement, supplemented by close
working relationships with many of our
customers, have improved outgoing product
quality more than twenty-fold since 1980.
Today, many major customers no longer test
Signetics circuits. Incoming product moves
directly from the receiving dock to the
production line, greatly accelerating
throughput and reducing inventories. Other
customers have pared significantly the
amount of sampling done on our products.
Others are beginning to adopt these
cost-saving practices.

We closely monitor the electrical, visual, and
mechanical quality of all our products and
review each return to find and correct the
cause. Since 1981, over 90% of our
customers report a significantimprovementin
overall quality (see Figure 1).

At Signetics, quality means more than
working circuits. It means on-time delivery of
the right product at the agreed-upon price.
Signetics considers Performance to
Customer Request and Performance to
Original Schedule Date to be key Quality
issues. Employees treat delinquencies as
quality defects. They analyze the cause for
the delinquency and seek corrective action to
prevent future occurrence. Continuous effort
is given to try to achieve the ultimate goal of
zero delinquencies.

Il cLecTRicAL EPQ
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Figure 1. Signetics Quality Performance
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ONGOING QUALITY PROGRAM
The quality improvement program at
Signetics is based on “Do it Right the First
Time". The intent of this innovative program is
to change the perception of Signetics'
employees that somehow quality is solely a
manufacturing issue where some level of
defects is inevitable. this attitude has been
replaced by one of acceptance of the fact that
all errors and defects are preventable, a point
of view shared by all technical and
administrative functions equally.

This program extends into every area of the
company, and more than 40 quality
improvement teams throughout the
organization drive its ongoing refinement and
progress. :

Key components of the program are the
Quality College, the “Make Certain® Program,
Corrective Action Teams, and the Error
Cause Removal System.

The core concepts of doing it right the first

time are embodied in the four absolutes of

quality:

1. The definition of quality is conformance to
requirements.

2. The system to achieve quality
improvement is prevention.

3. The performance standard is zero
defects.

4. The measurement system is continuous
improvement.

“MAKING CERTAIN” —
ADMINISTRATIVE QUALITY
IMPROVEMENT

Signetics’ experience has shown that the
largest source of errors affecting product and
service quality is found in paperwork and in
other administrative functions. The “Make
Certain” program focuses the attention of -
management and administrative personnel on
error prevention, beginning with each
employee's own actions.

This program promotes defect prevention in
three ways: by educating employees as to
the impact and cost of administrative errors,
by changing attitudes from accepting
occasional errors to one of accepting a
personal work standard of zero defects, and
by providing a formal mechanism for the
prevention of errors.
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CORRECTIVE ACTION TEAMS
Employees with the perspective, knowledge,
and necessary skills to solve a problem are
formed into ad hoc groups called Corrective
Action Teams. These teams, a major force
within the company for quality improvement,
resolve administrative, technical and
manufacturing issues.

ECR SYSTEM (ERROR CAUSE
REMOVAL)

The ECR System permits employees to
report to management any impediments to
doing the job right the first time. Once such
an impediment is reported, management is
obliged to respond promptly with a corrective
program. Doing it right the first time in all
company activities produces lower cost of
ownership through defect prevention.

PRODUCT QUALITY PROGRAM
To reduce defects in outgoing products, we
created the Product Quality Program. This is
managed by the Product Engineering
Council, composed of the top product
engineering and test professionals in the
company. this group:
1. Sets aggressive product quality
improvement goals;

2. provides corporate-level visibility and
focus on problem areas;

3. serves as a corporate resource for any
group requiring assistance in quality
improvement; and

4. drives quality improvement projects.

As a result of this aggressive program, every
major customer who reports back to us on
product performance is reporting significant
progress.

VENDOR CERTIFICATION
PROGRAM .

QOur vendors are taking ownership of their
own product quality by establishing improved
process control and inspection systems. They
subscribe to the zero defects philosophy.
Progress has been excellent.

Through intensive work with vendors, we
have improved our lot acceptance rate on
incoming materials as shown in Figure 2.
Simultaneously, waivers of incoming material
have been eliminated.

QUALITY AND RELIABILITY
ORGANIZATION

Quality and reliability professionals at the
divisionat leve! are involved with all aspects
of the product, from design through every
step in the manufacturing process, and
provide product assurance testing of outgoing
product. A separate corporate-level group
provides direction and common facilities.

Quality and Reliability Functions
® Manufacturing quality control

® Product assurance testing

® | aboratory facilities — failure analysis,
chemical, metallurgy, thin film, oxides

® Environmental stress testing
® Quality and reliability engineering

® Customer liaison

COMMUNICATING WITH EACH
OTHER

For information on Signetics' quality
programs or for any question concerning
product quality, the field salesperson in your
area will provide you with the quickest access
to answers. Or, write on your letterhead
directly to the corporate VP of quality at the
corporate address shown at the back of this
manual.

We are dedicated to preventing defects.
When product problems do occur, we want to
know about them so we can eliminate their
causes. Here are some ways we can help
each other:

© Provide us with one informed contact within
your organization. This will establish conti-
nuity and build confidence levels.

® Periodic face-to-face exchanges of data
and quality improvement ideas between
your engineers and ours can help prevent
problems before they occur.

® Test correlation data is very useful. Line-
pull information and field failure reports
also help us improve product performance.

® Provide us with as much specific data on
the problem as soon as possible to speed
analysis and enable us to take corrective
action.

® An advance sample of the devices in
question can start us on the problem
resolution before physical return of
shipment.

This teamwork with you will allow us to
achieve our mutual goal of improved product
quality.
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Figure 2. Incoming Direct Materials Quality

MANUFACTURING: DOING IT
RIGHT THE FIRST TIME

In dealing with the standard manufacturing
flows, it was recognized that significant
improvement would be achieved by “doing
every job right the first time”, a key concept of
the quality improvement program. During
development of the program many profound
changes were made. Figure 3,
Programmable Logic Process Flow, shows
the result. Key changes included such things
as implementing 100% temperature testing
on all products as well as upgrading test
handlers to insure 100% positive binning.
Some of the other changes and additions
were to tighten the outgoing QA lot
acceptance criteria to the tightest in the
industry, with zero defect lot acceptance
sampling across all three temperatures.

The achievements resulting from the
improved process flow have helped Signetics
to be recognized as the leading Quality
supplier of Programmable Logic. These
achievements have also led to our
participation in several Ship-to-Stock
programs, which our customers use to
eliminate incoming inspection. such programs
reduce the user cost of ownership by saving
both time and money.
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OUR GOAL: 100%
PROGRAMMING YIELD

Our original goal back in the early 1970s was
to develop a broad line of programmable
products which would be recognized as
having the best programming yield in the
industry. Within the framework of a formal
quality program, our efforts to improve circuit
designs and refine manufacturing controls
have resulted in major advances toward that
goal.

Also within the framework of our formal
quality program we have now established a-
stated goal of 100% programming yield.
through the increasing effectiveness of a
quality attitude of *Do It Right the First Time”
we're moving ever closer to that target.

Signetics PLD programming yields have been
shown in collected data from internal audits
and customer reporting to be consistently
higher than comparable devices produced by
our competition. We use systematic methods
involving publication of exacting
specifications of our programming algorithms,
and through evaluation of those algorithms as
implemented in industry standard
programming equipment. Because of this we
can assure our customers who program
Signetics PLDs on such qualified equipment
they will see consistently high yields. Our
data base shows that average lot
programming yield exceeds 97%.

As time goes on the drive for a product line
that has Zero Defects will grow in intensity.
These efforts will provide both Signetics and
our customers with the ability to achieve the
mutual goal of improved product quality.

The Customer Specific Quality Assurance
department has monitored PPM progress.
We are pleased with the progress that has
been made, and expect to achieve even more
impressive results as the procedures for
accomplishing these tasks are fine tuned.

The Customer Specific Reliability Department
has established an ongoing Infant Mortality
Monitor. This monitor is used to determine
and drive ongoing Corrective Action for the
purposes of continuously improving product
reliability.

The real measure of any quality improvement
program is the result that our customers see.
The meaning of Quality is more than just
working circuits. It means commitment to On
Time Delivery at the Right Place of the Right
Quantity of the Right Product at the Agreed
Upon Price.
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WAFER
FABRICATION

SCANNING ELECTRON MICROSCOPE CONTROL

Waters are sarpled daily by the Quality Control L. y from each ion area and subj to SEM
analysis. This process control reveals manufacturing defects such as contact and oxide step coverage in the
metalization process which may resut in early failures.

DIE SORT VISUAL ACCEPTANCE

Product is inspected for defects caused during fabrication, wafer testing, or the mechanical scribe and break
operation. Detects such as scratches, smears and glassivated bonding pads are included in the lot acceptance
criteria.

PRE-SEAL VISUAL ACCEPTANCE

Produd is inspected ta detect any damage incurred at the die attach and wire bonding stations. Defects such as
and ball bonds are included in the lot aoceptance criterla.

STABILIZATION BAKE PRECONDITIONING

Plastic molded devices are baked to stress wire and die bonds and help eliminate marginai devices. it also ensures.
an optimum plastic seal to enhance moisture resistance. Hermetic devices are baked to ensure the elimination
of any remaining cavity moistura.

TEMPERATURE CYCLING (Monitor)

Using MIL-STD-883 Method 1010.1 Condition C devices are cycled from cold to hot temperatures imposing a
very severs stress which weakens loose bonds and package seals without degrading good devices. A loosened
bond is later detected during 100% electrical tests.

SEAL TESTS
Hermetic package seal integrity is ensured by 100% gross leak testing.

100% PRODUCTION ELECTRICAL TEST

Every device is tested for functional and AC/DC parameters a high temperature with guard bands to assure
performance to data sheet limits.

BURNIN (SUPR Il LEVEL B OPTION)

Devices are burned in for 21 hours at 155°C maximum junction temperature.

SYMBOL

Devices are marked with the Signetics logo, device number and the date code or custom symbol per individual
specification requirements.

VISUAL

All products are 100% visually insp d per the requil ified in Signetics or customer documents.

100% PRODUCTION ELECTRICAL TESTING

Every device is tested for functional and AC/DC parameters at 25°C with guard bands to assure performance to
data sheet limits.

ANAL QUALITY ASSURANCE GATE

The final QA i ion step that the d mechanical and electrical tests have met Signetics
Zsro Defect Requlvemsnls Every shipment is sealed and identified by QA personnel.

Figure 3. Customer Specific Products Programmable Logic Process Flow

January 1991
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CMOS RELIABILITY
INFORMATION

All Signetics' EPROM die are designed as
low power UV light erasable and electrically
programmable read only memories. They
have been designed to perform over military
and commercial temperature ranges. These
die are assembled in EPROM packages that
comply with industry standard packages:
CERDIP (Quartz window), Plastic DIP (One
Time Programmable) and Plastic Leaded
Chip Carrier (One Time Programmable).

The following descriptions are of the tests
and calculations performed on each device
organization and package type to validate the
quality and reliability of the CMOS design and
technology. All described tests are performed
on each package type, with the exception of
the ‘Program-erase cycling’ test for the One
Time Programmable devices.

ELECTROSTATIC DISCHARGE
PROTECTION (ESD)

This test is performed to validate the
product’s tolerance to electrostatic discharge
damage.

Both MIL-STD-883 criteria (human body
model) and mechanical model charged
device test are performed.

HIGH TEMPERATURE STORAGE
LIFE TEST (HTSL)

Another popular name for this test is data
retention bake. This process is used to
thermally accelerate charge loss from the
floating gate. The test is performed by
subjecting devices that contain a 100%
programmed data pattern to a 250°C bake
with no applied electrical bias or clocks.

In addition to charge loss, this test is used to
detect mechanical reliability (i.e., bond
integrity) and process instability.
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DYNAMIC LOW TEMPERATURE
LIFE TEST (DLTL)

This test is performed at -10°C to detect the
effects of hot electron injection into the gate
oxide as well as package-related failures (i.e.,
metal corrosion). The biasing and clocking
conditions for this test are identical to the
DHTL #1 test.

TEMPERATURE CYCLE (TMCL)
This test consists of performing 200 cycles of
ambient air temperature of the chamber and
housing the unbiased subject devices from
—65°C to +150°C and back. The 200 cycles
are performed at 20 minutes per cycle.

DYNAMIC HIGH TEMPERATURE
LIFE TEST (DHTL #1)

This test is used to accelerate failure
mechanisms by operating the devices at
125°C ambient temperature with worst-case
specified power supply voltages of Ve and
Vpp at 5.5V. The memory is sequentially
addressed to exercise the fully-loaded
outputs. A checkerboard complement data
pattern is used to simulate random patterns
expected during actual use.

DYNAMIC HIGH TEMPERATURE
LIFE TEST (DHTL #2)

This test is used to accelerate oxide
breakdown failures and to further accelerate
the failure mechanisms of DHTL #1. The test
setup is identical to the one used for the
DHTL #1 test except the temperature is
150°C and the Vg and Vpp power supply
voltages are 6.5V, resulting in a 20% increase
over the specified operational electrical field
across the gate oxides of the device
(1.25mV/cm for 325A oxide thickness). This
represents a 55 x electrical field induced

32

acceleration in addition to the thermal
acceleration at 150°C.

PROGRAM-ERASE CYCLING
AND PROGRAMMABILITY

All four power supply voltage combinations
for Vee and Vpp are tested for
programmability (Vgc = 6.0V + 0.25V and
Vpp = 12.5V 1+ 0.5V in program mode). The -
number of possible program/erase cycles is
then tested to establish program-erase
cycling expectations.

FAILURE RATE PREDICTIONS

In preparation for the various life tests, a 168
hour, 125°C, 5.5V production burn-in is
performed on the devices. The infant
mortality rejects are removed from the
population in order to develop long-term
failure rate information during the random
failure rate portion of the device life cycle.

The failure rate calculation combines all
failure mechanisms by activation energies
and associated device hours for the 125°C,
5.5V Dynamic Life Test (DHTL #1), the
150°C, 6.5V Dynamic Life Test (DHTL #2),
the 150°C, 7.5V Static Life Test and the
250°C Bake.

The activation energies for the various
EPROM failure mechanisms are:

Defective bit 0.6eV
charge gain/loss
(electron hopping
conduction)
Oxide breakdown 0.3eV
Silicon defects 0.3eV
Contamination 1.0-1.2eV

Intrinsic charge loss 1.4eV

NOTE:

The combined failure rate for the stresses is
the sum of failure rates by activation
energies.
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METHODS OF FAILURE RATE
CALCULATIONS

Actual Device Hours = Number of Devices x
Number of Hours. In order to determine the
Equivalent Hours derated to a given
operation temperature, the junction
temperatures of the devices should be
calculated using the known thermal
resistance of the package (8,a) and the
power dissipation of the devices:

T1,2=60a (V)12 + Tar,2 (1)

Using the Arrhenius relation, the test
temperature and the derated operation
temperature will yield the thermal
acceleration factor from T to Tp.

Rz A-exp[ﬁ]

k

)
R 200D oe[S[2-1] @
2

kT,
k = 8617 x 1075 eV/Kelvin (Boltzmann's
constant)
A = Proportionality constant for a given

failure mechanism
Ry = mean time to failure @ T

R = mean time to failure @ T,

Ea = activation energy for the failure
mechanism

T: = operating temperature

T, = life test temperature
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An additional 55 x acceleration factor should
be added for the 150°C/6.5V dynamic life test
due to the time-dependent oxide failure
acceleration (20% higher than specified
power supply voltage).

Multiplying the actual device hours by the
acceleration factor for each failure
mechanism will result in the equivalent hours.

Poisson statistics are applied to estimate the
performance of the population from the life
test results of a sample test. This is useful
when the probability of failures is small and
the failures occur randomly in time. A
commonly used formula for estimating the
tailure rate is the “chi-squared” equation:

2
Fo= — x 100% 3
¢=ont tc)]

calculated failure rate estimate

(in %/1000 hrs) at upper confidence
limit

= “chi-squared” value for 2F +

2 degrees of freedom for « where
Fa is the number of actual failures
(x2 comes from available tables for
a known o)

1-B, where B is the confidence limit
(Bis stated in %).

number of units in test

test time in thousands of hours
(equivalent)

Fc=

n =

Equation 3 will calculate the estimated failure
rates/1000 hrs for 60% confidence level
(industry standard) for each failure
mechanism.

THE SURE PROGRAM

The SURE (Systematic Uniform Reliability
Evaluation) program audits/monitors products
from all Signetics’ divisions under a variety of
accelerated environmental stress conditions.
this program, first introduced in 1964, has
evolved to suit changing product complexities
and performance requirements.

The SURE program has two major functions:
long-term accelerated stress performance
audit and a short-term accelerated stress
monitor. In the case of Memory products,
samples are selected that represent product
groups from all wafer fabrication and
assembly locations.

SURE REPORTS

The data from these test matrices provides a
basic understanding of product capability, an
indication of major failure mechanisms and
an estimated failure rate resulting from each
stress. This data is compiled periodically and
is available to customers upon request.
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DESCRIPTION

The PLHS16L8A is a high-speed “A”
version, and the PLHS16L8B is a very
high-speed “B” version PAL®-type
device. The sum of products (AND-OR)
architecture is comprised of 64 AND
gates and 8 OR gates. The Signetics
PLHS16L8A/B devices offer 100%
functional compatibility with other PAL
16L8 devices. Specified at a tpp of 20ns
(maximum), the PLHS16L8A is 20%
faster than other “A” version PAL 16L8
devices, and consumes 20% less power
than most other “A” speed 16L8 devices.
The PLHS16L8B, specified at 155mA
lcc (maximumy), consumes 20% less
power than other “B” version PAL 16L8
devices.

All AND gates are linked to 10 dedicated
inputs, 6 bidirectional I/O and 2
dedicated outputs. On-chip buffers
couple either true (I, B) or complement
(1, B) input polarities to alt AND gates.
The 64 AND gates are separated into
eight groups of eight product terms
each. Within each group, seven of the
AND terms are OR’ed together, while
the eighth is used to control the 3-State
function of the bidirectional /0. All
outputs (bidirectional and dedicated) are
inverting.

In the virgin state, the AND array fuses
are back-to-back CB-EB diode pairs
which act as open connectians. Current
is avalanched across individual diode
pairs during fusing, which essentially
short circuits the EB diode and provides
the connection for the associated
product term.

The PLHS16L8A/B is tield-program-
mable, allowing the user to quickly

PLHS16L8A/B

Programmable AND array logic

(16 x 64 x 8)

generate custom patterns using
standard programming equipment.

Order codes are listed in the Ordering
Information Table.

FEATURES

® “A” version 100% functionally and

_ pin-for-pin compatible with
AmPAL16L8A, MMI PAL16L8A,
TIBPAL16L8-25, and NSC PAL16L8A
devices

— 20% faster than other “A” version
PAL devices
- tpp = 20ns (max)
® “B” version 100% functionally and
pin-for-pin compatible with
AmPAL16L8B, MMI PAL16L8B,

TIBPAL16L.8-15 and NSC PAL16L8B
devices

— Consumes 20% less power than
other “B” version PAL devices

— 155mA lgc (worst case)
~ I/O propagation delay: 15ns (max)
(“B” version)

® Field-programmable
® 10 dedicated inputs
® 8 outputs
— 6 bidirectional I/O
- 2 dedicated outputs
® |ndividual 3-State control of all outputs
® 64 AND gates/product terms

® Security fuse

®PAL is a registered trademark of Monolithic Memories, Inc., a wholly owned subsidiary of Advanced Micra Devices, Inc.
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PIN CONFIGURATIONS

N Package

I3 E
15 5]
15 [&]
Ig [z‘
17 [&]
13 [2]
GND @

15] o7
1) Bs
[17] 85
EBA
[15] B3
1] B2
73] By
[12] 0p
1] 19

A Package
lo Vcc O7
[1] [2o] [¥9]

2 I

A = Plastic Leaded Chip Carrier

N = Plastic Dual-In-Line (300mil-wide)

EHEEETE

Ilg GND Ig Op By

o [ - E Vee

Bg
Bs
By
B3
B2

APPLICATIONS

® 100% functional replacement for
20-pin 16L8 combinatorial PAL

devices
® Random logic
® Code converters
® Fault detectors

® Function generators

® Address mapping/decoding

® Multiplexing
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Programmable AND array logic (16 x 64 x 8) PLHS16L8A/B

PLA LOGIC DIAGRAM

o [

PLHS16L8A/B

n EHZ T,

8

15

- EH3

16

23

s (HZ

24

PRODUCT TERMS (0-63)

Not>

0 INPUTS (0-31) 3

NOTES:
1. All unprogrammed or virgin "AND" gate locations are pulled to logic *1".
2. ¢ Programmable connections.
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Programmable AND array logic (16 x 64 x 8) PLHS16L8A/B

FUNCTIONAL DIAGRAM

Pe3 LOGIC TERMS Po
lo
g — T
By
Bg
J 3 2 TTI l{l 111]11
/
oy
o - Bg
Do — s
@/G——% %
ORDERING INFORMATION THERMAL RATINGS
DESCRIPTION ORDER CODE TEMPERATURE
20-Pin Plastic Dual In-Line (300mil-wide) PLHS16L8AN, PLHS16L8BN Maximum junction 150°C
20-Pin Plastic Leaded Chip Carrier PLHS16L8AA, PLHS16L8BA Maximum ambient 75°C
Allowable thermal rise 750G
ambient to junction
ABSOLUTE MAXIMUM RATINGS1 .
SYMBOL PARAMETER RATINGS UNIT
Vee Supply voltage -0.5t0 +7 Vbe
Vin Input voltage -0.5t0+5.5 Voe
Vour Qutput voltage 0.5 to Vg MAX Vpe
VouTPRa QOutput voltage (programming) +21 Voe
Iin Input current -30to +5 mA
lout Qutput current +100 mA
louTPRG Output current (programming) +170 mA
Tamb Operating temperature range Oto +75 °C
Tsig Storage temperature range —65to +150 °C

NOTES:

1. Stresses above those listed may cause malfunction or permanent damage to the device. This
is a stress rating only. Functional operation at these or any other condition above those
indicated in the operational and programming specification of the device is not implied.
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Programmable AND array logic (16 x 64 x 8) : PLHS16L8A/B

DC ELECTRICAL CHARACTERISTICS
0°C < Tamb < +75°C, 4.75 < Voo < 5.25V

LIMITS

SYMBOL PARAMETER TEST CONDITIONS MIN TYP? MAX UNIT
Input voltage?

' Low VCC =MIN +0.8 \
V|H ngh Vcc = MAX +2.0 Vv
Vic Clamp Veec = MIN, Iy = —18mA -0.9 -1.2 v
Output voltage

VCC =MIN, VIN =VyorVy
Vou Low loL = +24mA +0.50 \"
Vou High lon =-3.2mA +2.4 +3.5 \
Input current
Vee = MAX
I Low V|N = +0.40V -20 -100 ]AA
IIH High V|N =+2.7V +25 pA
| High Vin = +5.5V +1.0 mA
Output current
Vec =MAX, Vi =0.8V, Vy = 2.0V
lozn Output leakage Vout = +2.7V +100 pA
lozL Output leakage Vour = +0.40V -50 pA
los Short circuit 3 Vourt = +0.5V -30 -60 -90 mA
lee Veg current Vee = MAX, Allinputs = GND 100 155 mA
Capacitance?
Vee = +5V

Cn Input Vn=20V@f=1MHz 6 pF
COUT /o] VQUT =20V@ f=1MHz 9 pF

NOTES:

1. Typical limits are at Voo = 5.0V and Ty, = +25°C.

2. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included.

3. Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second. Voyt = 0.5V has
been chosen to avoid test problems caused by tester ground degradation.

4. These parameters are not 100% tested, but are periodically sampled.
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Programmable AND array logic (16 x 64 x 8)

PLHS16L8A/B

AC ELECTRICAL CHARACTERISTICS
0°C < Tamp < +75°C, 4.75 < Ve < 5.25V, Ry = 2000, R, = 350Q

LIMITS
SYMBOL PARAMETER FROM TO TEST PLHS16L8A PLHS16L8B UNIT
CONDITIONS MIN | TYP | MAX | MIN | TYP | MAX
tro Propagation delay Qutput + Input + C_ =50pF 14 20 12 15 ns
tgad Output enable Output — Input C_ = 50pF 14 20 12 15 ns
teg3 Output disable Qutput + Input+ CL=5pF 14 20 12 15 ns
NOTES:

1. Typical limits are at Vgg = 5.0V and Tamp = +25°C.

2. tppis tested with switch S, closed and C\_ = 50pF.

3. For 3-State outputs; output enable times are tested with C| = 50pF to the 1.5V level, and S; is open for high-impedance to High tests and
closed for high-impedance to Low tests. Output disable times are tested with C; . 5pF. High-to-High impedance tests are made to an output
voltage of V1 = (Vo — 0.5V) with Sy open, and Low-to-High impedance tests are made to the V= (Vg + 0.5V) level with S closed.

VIRGIN STATE TIMING DEFINITIONS
A fgctor_y shipped virgin device contains all SYMBOL PARAMETER
fusible links open, such that:
1. All outputs are enabled. tep Input to output propagation
delay.
2. All p-terms are enabled in the AND array. Y
tea Input to Output Enable
delay (Output Enable).
ter Input to output disable
(3-State) delay (Output
Disable).
TIMING DIAGRAM
3.0v
INPUTS, 110 e 1.5V
ov
tp ER —" ‘EA"l
VoH
VoL
WAVEFORM INPUTS OUTPUTS WAVEFORM INPUTS OUTPUTS
DON'T CARE; CHANGING;
MUST BE WILL BE ; i
ANY CHANGE STATE
STEADY STEADY m PERMITTED UNKNOWN
CENTER
DOES NOT LINE IS HIGH
M APPLY IMPEDANCE
“OFF" STATE
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Programmable AND array logic (16 x 64 x 8)

PLHS16L8A/B

ACTEST LOAD CIRCUIT

VOLTAGE WAVEFORMS

vee T +5V S
= I | 4 -L
| | R 3 cL
INPUTS o1y but | 9
oT—™Bw | .
| |
oJ—> B B,
X ao Z OUTPUTS ==
NOTE:
C1and Cp are to bypass VoG to GND.

+3NV————

MEASUREMENTS:
All circuit delays are measured at the +1.5V level of
inputs and outputs, unless otherwise specified.

Input Pulses

LOGIC PROGRAMMING

The PLHS16L8A/B is fully supported by
industry standard (JEDEC compatible) PLD
CAD tools, including Signetics' AMAZE
design software package. ABEL™, CUPL™
and PALASM® 90 design software packages
also support the PLHS 16L8A/B architecture.

All packages allow Boolean and state
equation entry formats. ABEL and CUPL also
accept, as input, schematics capture format.

“AND” ARRAY ~ (I, B)

PLHS16LBA/B designs can also be
generated using the program table format,
detailed on the following page. This program
table entry (PTE) format is supported on the
Signetics AMAZE PLD design software.
AMAZE is available free of charge to qualified
users.

To implement the desired logic functions,
each logic variable (I, B, P and D) from the
logic equations is assigned a symbol. TRUE
(High), COMPLEMENT (Low), DON'T CARE
and INACTIVE symbols are defined below.

LB N} LB LB
1B 1B 18 LB
13:] LB LB 13
BD PD PD D
[ STATE | cooe ] [ STATE [ cobe ] [ STATE [ cooe | [ STATE [ cooe }
[ macnve2 | o ] 1 TRUE | [ compementy | L | [ oontecare' | - ]

NOTE:
1. This is the initial state of all diodes pairs.

2. Allunused product terms must be programmed with all pairs of diodes in the INACTIVE state (all fuses on an unused p-term must be

programmed).

ABEL is a trademark of Data VO Corp.
CUPL is a trademark of Logical Devices Inc.
PALASM s a registered trademark of AMD Corp.
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PLHS16L8A/B

Programmable AND array logic (16 x 64 x 8)

PROGRAM TABLE
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Programmable Logic Devices

FEATURES
® Ultra high-speed
—tpp =5ns and fMAX =118MHz

® 100% functionally and pin-for-pin
compatible with industry standard
20-pin PAL ICs

® Power-up reset function to enhance
state machine design and testability

® Design support provided via AMAZE
and other CAD tools for Series 20 PAL
devices

® Field-programmable on industry
standard programmers

® Security fuse

® |ndividual 3-State control of all outputs
® Register Preload for testability

® Power-up 3-State

® 20-Pin DIP and 20-Pin PLCC

PLQ16R8-5 Series

PAL®-type devices

16L8, 16R8, 16R6, 16R4

DESCRIPTION

The Signetics PLQ16XX family consists
of ultra high-speed 5ns versions of
Series 20 PAL devices.

The PLQ16XX family is 100% functional
and pin-compatible with the 16L8, 16R8,
16R6, and 16R4 Series devices.

The sum of products (AND-OR)
architecture is comprised of 64
programmable AND gates and 8 fixed
OR gates. Multiple bidirectional pins
provide variable input/output pin ratios.
Individual 3-State control of all outputs
and registers with feedback (R8, R6,
R4) is also provided. Proprietary designs
can be protected by programming the
security fuse.

The PLQ16R8, R6, and R4 have D-type
flip-flops which are loaded on the
Low-to-High transition of the clock input.
In order to facilitate state machine
design and testing, a power-up reset
function has been incorporated into
these devices to reset all internal
registers to active-Low after a specific
period of time.

The Signetics State-of-the-Art BICMOS
process, known as QUBIC, has been
employed to achieve higher levels of
operating performance for the PLQ16XX
family of PLDs. The QUBIC transistors
have been optimized to provide
two-thirds more speed at less than half
the power consumed from products
using our last generation of bipolar
technology. QUBIC reduces on-chip
delays and provides high output drive
currents while consuming power at very
low levels.

The PLQ16XX family of devices are field
programmable, enabling the user to
quickly generate custom patterns using
standard programming equipment. See
the programmer chart for qualified
programmers.

The AMAZE software package from
Signetics supports easy design entry for
the PLQ16XX series as well as other
PLD devices from Signetics. The
PLQ16XX series are also supported by
other standard CAD tools for PAL-type
devices.

Order codes are listed in the Ordering
Information table.

DEVICE NUMBER DEDICATED COMBINATORIAL REGISTERED
INPUTS OUTPUTS OUTPUTS
PLQ16LS 10 8 (6 1/0) 0
PLQ16R8 0 8
PLQ16R6 210 6
PLQ16R4 410 4

®PAL is a registered trademark of Monolithic Memmories, Inc.,

a wholly owned subsidiary of Advanced Micro Devices, Inc.
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PAL-type devices

16L8, 16R8, 16R6, 16R4

PLQ16R8-5 Series

PIN CONFIGURATIONS

PLQ16LS

@
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3
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2 Iy b Vcc O7

Ig GND Iy Op By

20} Veo

Bs

17| Bs

uW|lsH Ao 16] By
ol
ARRAY
Is E-— 15| B3
|7 14| By
v [} 5]
g |9 H 12| 0p
(;N|>|1—_ol ]y
PLQ16L8

o}

17 Bs
OUTPUTS 16| By
\1

&
N
L

GND | 10

_3,
_3@
_3,
i
|
|

20| Veo
[15] o
18| Qg
17| Qs
16| Qg
15| Q3
off
13| 0y
12| Qg

11| OE

PLQ16R8

11 lo ClKvge Q7

o] v OUTPUTS

I GND OE Qg 0

SYMBOL  DESCRIPTION SYMBOL  DESCRIPTION
I Dedicated Input | Dedicated Input
o} Dedicated combinatorial Output o Dedicated combinatorial Output
Q Registered output Q Registered output
B Bidirectional (input/output) B Bidirectional (input/output)
CLK Clock input CLK Clock input
OE Output Enable OF Output Enable
Vee Supply Voltage Vee Supply Voltage
GND Ground GND Ground
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PAL-type devices

16L8, 16R8, 16R6, 16R4 PLQ16RS-5 Series

PIN CONFIGURATIONS
PLQ16R6 PLQ16R4
T [T | [Fwe
Gl fegmme | ol R
w[* H $J 7] 0 [} -& ] as
sCH o —$~ wlo [ | sEH o 3* ] o
o] 1% 1 # 8 _3_ .
5[7 H _$.» w] o s[7H 3» u) o
iw[s H § E R t13] a4 s[s H _TLI 13] By
7] i—l 12| By | e H ;l‘“_rj—‘ 12| By
ano 1o L] 11| o ano[ 10 L] 1] o
PLQ16R6 PLQ16R4
by % AXveg By bty X Veg 5

18] 0 E] Bg
) o mp
OR | OUTPUTS 16] Q4 OR | OUTPUTS 16] Q4

\Z E o \Z E] o
o op

Iz GNDTE By Q Iz GND TE Bg B4
SYMBOL  DESCRIPTION SYMBOL DESCRIPTION
1 Dedicated Input | Dedicated Input
(o} Dedicated combinatorial Output o] Dedicated combinatorial Output
Q Registered output Q Registered output
B Bidirectionat (inpu/output) B Bidirectional (input/output)
ClK Clock input CLK Clock input
TE Output Enable OF QOutput Enable
Vee Supply Vottage Vee Supply Voltage
GND Ground GND Ground
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PAL-type devices :
1618, 16R8, 16R6, 16R4 PLQ16RE-S Series

LOGIC DIAGRAM PLQ16L8
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O e P
° INPUTS (0-31) u
NOTES:
1. unprogrammed or virgin “AND" gate locations are pulled to logic 0",
rogrammable connections.
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PAL-type devices :
16L8, 16RS, 16R6, 16R4 PLQ16RE-5 Series

LOGIC DIAGRAM PLQ16R8
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° INPUTS (0-31) n
NOTES:
1. All unprogrammed or virgin *AND" gate locations are pulled to kogic 0",
2. Programmable connections.
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PAL-type devices ]
16L8, 16R8, 16R6, 16R4 PLQ16R8-5 Series

LOGIC DIAGRAM PLQ16R6
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NOTES:
1. All unprogrammed or virgin "AND" gate locations are pulled to logic 0"
2. . Programmable connections.
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PAL-type devices

16L.8, 16R8, 16R6, 16R4 PLQ16R8-5 Series

LOGIC DIAGRAM - PLQ16R4
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NOTES:
1. All unprogrammed or virgin *AND" gate locations are pulled to logic “0".
2. % Programmable connections.
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PAL-type devices

16L8, 16R8, 16R6, 16R4

PLQ16R8-5 Series

FUNCTIONAL DESCRIPTIONS

The PLQ16XX series utilizes the familiar
sum-of-products implementation consisting of
a programmable AND array and a fixed OR
array. These devices are capable of replacing
an equivalent of four or more SSI/MSI
integrated circuits to reduce package count
and board area occupancy, consequently
improving reliability and design cycle over
Standard Cell or gate array options. By
programming the security fuse, proprietary
designs can be protected from duplication.

The PLQ16XX series consists of four
PAL-type devices. Depending on the
particular device type, there are a variable
number of combinatorial and registered
outputs available to the designer. The
PLQ16L8 is a combinatorial part with 8 user
configurable outputs (6 bidirectional), while
the other three devices, PLQ16R8,
PLQ16R6, PLQ16R4, have respectively 8, 6,
and 4 output registers.

3-State Outputs

The PLQ16XX series devices also feature
3-State output buffers on each output pin
which can be programmed for individual
control of all outputs. The registered outputs
(Qn) are controlled by an external input
{/OE), and the combinatorial outputs (On, Bn)
use a product term to control the enable
function.

AND ARRAY - (1, B)

Programmable Bidirectional Pins
The PLQ16XX products feature variable
Input/Output ratios. In addition to 8 dedicated
inputs, each combinatorial output pin of the
registered devices can be individually
programmed as an input or output. The
PLQ16L8 provides 10 dedicated inputs and 6
Bidirectional I/O lines that can be individually
configured as inputs or outputs.

Output Registers

The PLQ16R8 has 8 output registers, the
16R6 has 6, and the 16R4 has 4. Each
output register is a D-type flip-flop which is
loaded on the Low-to-High transition of the
clock input. These output registers are
capable of feeding the outputs of the
registers back into the array to facilitate
design of synchronous state machines.

Power-up Reset

By resetting all flip-flops to a logic Low, as the
power is turned on, the PLQ16R8, R6, R4
enhance state machine design and
initialization capability.

Register Preload

Preload function aflows the register to be
loaded from the output pins. This feature
allows functional testing of sequential
patterns by loading output states.

Power-up 3-State
All outputs will be disabled when Vg is

3.0V £ 20% (25°C). This special feature
keeps outputs 3-Stated during power-up.
Only when V¢ reaches its normal operating
range will device function normally.

Software Support

Like other Programmable Logic Devices from
Signetics, the PLQ16XX series are supported
by AMAZE, the PC-based software
development tool from Signetics. The
PLQ16XX family of devices are also
supported by standard CAD tools for PAL
devices, including ABEL and CUPL.

AMAZE is available free of charge to qualified
users.

Logic Programming

The PLQ16XX series is fully supported by
industry standard (JEDEC compatible) PLD
CAD tools, including Signetics AMAZE,
SLICE and SNAP design software packages.
ABEL™ CUPL™ and PALASM® 90 design
software packages also support the
PLQ16XX architecture.

All packages allow Boolean and state
equation entry formats. SNAP, ABEL and
CUPL also accept, as input, schematic
capture format.

et [

[—smiE___|cooe]
maenvenz | o ]

— T

s Tooe
e [ | s Tt} [oovteare | -]

%%

C—— 1B
Py ',B -
B — 18

VIRGIN STATE

A factory shipped virgin device contains all
fusible links intact, such that:
1. All P, terms are disabled.

2. All P, terms are active on all outputs.

ABEL is a trademark of Data /O Corp.
CUPL is a trademark of Logical Devices, Inc.
PALASM is a registered trademark of AMD Cormp.
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PAL-type devices ;
PLQ16R8-5 Series
16L8, 16R8, 16R6, 16R4
ORDERING INFORMATION : THERMAL RATINGS
DESCRIPTION ORDER CODE TEMPERATURE
. PLQ16R8-5N Maximum junction 150°C
20-Pin Plastic Dual-In-Line PLQ16R6-5N " " -
300mil-wide PLQ16R4-5N Maximum ambient 75°C
PLQ16LE-SN Allowable thermal rise
PLQ16R8-5A ambient to junction 75°C
20-Pin Plastic Leaded Chip Carrier (PLCC) Etg]ggi:gﬁ
PLQ16L8-5A

NOTE:

The PLQ16XX series of devices are also processed to military requirements for operation over the
military temperature range. For specifications and ordering information, consult the Signetics Mili-
tary Data Handbook.

ABSOLUTE MAXIMUM RATINGS?1

RATINGS
SYMBOL PARAMETER . MIN MAX UNIT

Vee Supply voltage . -0.5 +7.0 Voc
ViN Input voltage -1.2 +7.0 Voe
Vout Output voltage +5.5 Voo
IIN Input currents -30 +30 mA
lour Output currents +100 mA
Tsyg Storage temperature range —65 +150 °C

NOTE: .

1. Stresses above those listed may cause malfunction or permanent damage to the device. This
is a stress rating only. Functional operation at these or any other condition above those
indicated in the operational and programming specification of the device is not implied.

OPERATING RANGES
RATINGS
SYMBOL PARAMETER MIN MAX UNIT
Vee Supply voltage +4.75 +5.25 Voc
Tamo Operating free-air temperature 0 +75 °c
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PAL-type devices

16L8, 16R8, 16R6, 16R4

PLQ16R8-5 Series

DC ELECTRICAL CHARACTERISTICS
0°C < Tamp < +75°C, 4.75V < Voo <5.25V

LIMITS
SYMBOL PARAMETER TEST CONDITIONS MIN TYP! l MAX UNIT
Input voltage?
Vi Low Vee = MIN 0.8 Vv
Vin High Vee = MAX 2.0 \
Vic Clamp Vee = MIN, [iy = —18mA -0.8 -1.5 \
Output voltage
Vee = MIN, Vin = Vi or VL
VoL Low loL = 24mA 0.5 Vv
Vox High lonw =-3.2mA 24 \%
Input current
Vee = MAX
I Low? Viy = 0.40V 250 pA
" High?® Viy =27V 25 HA
N Maximum input current Viy = 5.5V, Voo = MAX 100 HA
Output current
Vce = MAX
lozn Output leakage Vour = 2.7V 100 HA
lozL Output leakage Vour = 0.4V —-100 HA
los Short circuit 4 8 Vour = 0.5V -30 .- =130 mA
lec Ve supply current Vee = MAX 180 mA
Capacitance®
Cin Input Vee =5V
' Vour = 2.0V pF
Ca 110 (8) Vour =2V, f = 1MHz pF
NOTES:
1. All typical values are at Vg = 5V, Tamp = +25°C.
2. Allvoltage values are with respect to network ground terminal. )
3. Leakage current for bidirectional pins is the worst case of Ij_and Iz, or Iy and lozn.
4. Testone ata time.
5. Duration of short circuit should not exceed 1 second.
6. These parameters are not 100% tested but periodically sampled.
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PAL-type devices

16L8, 16R8, 16R6, 16R4 PLQ16R5-S5 Series
AC ELECTRICAL CHARACTERISTICS
Ry =2009Q, Ry =390Q, 0°C < Tamp < +75°C, 4.75V < Vg < 5.25V
LIMITS
SYMBOL PARAMETER FROM TO MIN' MAX UNIT
Pulse Width
toxH Clock High CLK+ CLK- 3.0 ns
okl Clock Low CLK- CLK+ 3.0 ns
texke Period CLK+ CLK+ 6.0 ns
Setup & Hold time
ts Input Input or feedback CLK+ ) 4.0 ns
tin Input CLK+ Input or feedback 0 ns
Propagation delay
teko Clock CLKt Qt 45 ns
toke Clock? CLKt Q 25 ns
[ Output (16L8, R6, R4)2 ,B Output 5.0 ns
toe1 Output enable* OE Output enable 6.0 ns
toe2 Output enable?s | Output enable 8.0 ns
too Output disable4 OE Output disable 6.0 ns
tooz Output disable*5 I Output disable 8.0 ns
tskw Output Q Q 1.0 ns
tepR Power-Up Reset Vee+ Q+ 8.0 ns
Frequency (16R8, R6, R4)
No feedback 1/ (tck + tokm)® 167 MHz
fuax Internal feedback 1/ (tig + tckr)® 154 MHz
External feedback 1/ (tis + tcko)® 118 MHz
;loigs ?efinitions of the terms, please refer to the Timing/Frequency Definitions tables.

1. CL = OpF while measuring minimum output delays.

2. tpp test conditions: Cy = 50pF (with jig and scope capacitance), Vi = 3V, V) = 0V, Vou = VoL = 1.5V.

3. tckr was caleulated from measured Internal fyax.

4. For 3-State output; output enable times are tested with C_ = 50pF to the 1.5V level, and S, is.open for high-impedance to High tests and closed
for high-impedance to Low tests. Output disable times are tested with C_ .. SpF. High-to-High impedance tests are made 1o an output voltage of
V1 =(Vou ~ 0.5V) with S, open, and Low-to-High impedance tests are made to the V = (Vg + 0.5V) level with S, closed.

. Same function as togs and top, with the difference of using product term control.

. Not 100% tested, but calculated at initial characterization and at any time a modification in design takes place which may affect the frequency.

(2]
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PAL-type devices

16L8, 16R8, 16R6, 16 R4

PLQ16R8-5 Series

TEST LOAD CIRCUIT
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PAL-type devices
16L8, 16R8, 16R6, 16R4

PLQ16R8-5 Series

TIMING DIAGRAMS?: 2

TIMING DEFINITIONS

LB +3V
(INPU]"S) >(1.5V 1.5V
ov

[_ +3V
1.5V

ov

CLK 1.5V? 1.5V

VoH

Vor

+3V

ov

Flip—Flop du!puts

v
1B
(INPUTS) :X"w
l ov

|
I

SYMBOL

PARAMETER

Width of input clock pulse.

Interval between clock pulses.

Clock period.

Required delay between
beginning of valid input and
positive transition of clock.

Required delay between
positive transition of clock and
end of valid input data.

Delay between positive
transition of clock and when
internal Q@ output of flip-flop
becomes valid.

Delay between positive
transition of clock and when
outputs become valid (with
OE Low).

Delay between beginning of
Qutput Enable Low and when
outputs become valid.

Delay between beginning of
Qutput Enable High and when
outputs are in the Off-State.

0,8
(COMBINATORIAL
OUTPUTS)

VoL

tob2 1
+3V
+15V
ov

Gate Outputs

M\ .
toE2

LB
(QUTPUT +1.5V

ENABLE)

Vee

[ asv
Vee /

[+ top

b Y.
{REGISTERED 1.5V 1.5V
OUTPUTS)

[* tek

I,B
oot =

]

ov

= VoH

+3V

ov

[_ +3V
1.5V

T o
T oKL

YS4ICKF

CLK ] 1.5V 1.5V

Ys CKH

Power-Up Reset

Delay between predefined
Qutput Enable High, and
when combinational outputs
become valid.

Delay between predefined
Qutput Enable Low and when
combinational outputs are in
the Off-State.

tePR

Delay between Vcc (after
power-on) and when flip-fiop
outputs become presetat “1”
(internal Q outputs at *0”).

tep

Propagation delay between
combinational inputs and
outputs,

o

Delay between each input
change.

FREQUENCY DEFINITIONS

fmax

No feedback: Determined by
the minimum clock period,
Wtexe + tekn)-

Internal feedback:
Determined by the internal
delay from flip-flop outputs
through the internal feedback
and array to the flip-flop
inputs, 1/(tis + teke).
External feedback:
Determined by clock-to-output
delay and input setup time,
1/(ts + tcko)-

NOTES:
1. Input pulse amplitude is OV to 3V.
2. Input rise and fall times are 2.0ns typical.
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PAL-type devices :
16L8, 16R8, 16R6, 16R4 PLQ16R8-5 Series

TIMING DIAGRAMS (Continued)

o tp o 1 to—>+ o>
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tp = 100ns

Output Register Preload
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PAL-type devices
16L8, 16R8, 16R6, 16R4»

PLQ16R8-5 Series

PROGRAMMING
The PLQ16XX Series are programmable on conventional programmers for 20-pin PAL® devices. Refer to the following charts for qualified
manufacturers of programmers and software tools:

PROGRAMMER MANUFACTURER

PROGRAMMER MODEL

FAMILY/PINOUT CODES

DATA /0 CORPORATION

10525 WILLOWS ROAD, N.E.

P.0. BOX 97046

REDMOND, WASHINGTON 98073-9746

(800)247-5700

SYSTEM 29B, LogicPak™ 303A-V04

ADAPTER  303A-011A-V08
303A-011B-V04
UNISITE 40/48, V2.3 (DIP)
V2,5 (PLCC)
MODEL 60, 60A/H, V.13

16L8-7/16L8D :1B/17
16R8-7/16R8D : 1B/24
16R6-7/16R6D : 1B/24
16R4-7/16R4D : 1B/24

STAG MICROSYSTEMS, INC.

ZL30/30A PROGRAMMER 16L8-7/16L8D : 11/29
1600 WYATT DRIVE REV,30A31 16R8-7/16R8D : 11/30
SUTE 3 16R6-7/16R6D : 11/30
SANTA CLARA, CALIFORNIA 95054 PPZ PROGRAMMER 16R4-7/16R4D : 11/30
(408)988-1118 TBA

SOFTWARE MANUFACTURER DEVELOPMENT SYSTEM
SIGNETICS COMPANY
811 EAST ARQUES AVENUE ,
P.O. BOX 3409 AMAZE SOFTWARE
SUNNYVALE, CALIFORNIA 94088—-3409 REV. 1.7 AND LATER
(408)991-2000
DATA /0
10525 WILLOWS ROAD, N.E.
P.O. BOX 97046 ABEL™ SOFTWARE

REDMOND, WASHINGTON 98073-9746
(800)247-5700

REV. 1.0 AND LATER

LOGICAL DEVICES, INC.
1201 NORTHWEST 65TH PLACE

FORT LAUDERDALE, FLORIDA 33309 CUPL™ SOFTWARE
REV. 1.01 AND LATER
(800)331-7766
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PLUS16R8D/-7 Series

ECN No.

99790

PAL®-type devices

Date of Issue

June 14, 1990

Status

Product Specification

16L8, 16R8, 16R6, 16R4

" Programmable Logic Devices

FEATURES
® Ultra high-speed
—tpp = 7.5ns and fyax = 74MHz for
the PLUS16R8-7 Series
—1pp = 10ns and fyax = 60 MHz for
the PLUS16R8D Series
® 100% functionally and pin-for-pin
compatible with industry standard
20-pin PAL ICs
® Power-up reset function to enhance -
state machine design and testability

® Design support provided via AMAZE
and other CAD tools for Series 20 PAL
devices

® Field-programmable on industry
standard programmers

o Security fuse

® Individual 3-State control of all outputs

DESCRIPTION

The Signetics PLUS16XX family
consists of ultra high-speed 7.5ns and
10ns versions of Series 20 PAL devices.

The PLUS16XX family is 100%
functional and pin-compatible with the
1618, 16R8, 16R6, and 16R4 Series
devices.

The sum of products (AND-OR)
architecture is comprised of 64
programmable AND gates and 8 fixed
OR gates. Multiple bidirectional pins
provide variable input/output pin ratios.
Individual 3-State control of all outputs
and registers with feedback (R8, R6,

R4) is also provided. Proprietary designs
can be protected by programming the
security fuse.

The PLUS16R8, R6, and R4 have
D-type flip-flops which are loaded on the
Low-to-High transition of the clock input.

In order to facilitate state machine
design and testing, a power-up reset

function has been incorporated into
these devices to reset all internal
registers to Active-Low after a specific
period of time.

The Signetics State-of-the-Art oxide
isolation Bipolar fabrication process is
employed to achieve high-performance
operation.

The PLUS16XX family of devices are
field programmable, enabling the user to
quickly generate custom patterns using
standard programming equipment. See
the programmer chart for qualified
programmers.

The AMAZE software package from
Signetics supports easy design entry for
the PLUS16XX series as well as other
PLD devices from Signetics. The
PLUS16XX series are also supported by
other standard CAD tools for PAL-type
devices.

Order codes are listed in the Ordering
Information table.

DEVICE NUMBER DEDICATED COMBINATORIAL REGISTERED
INPUTS OUTPUTS OUTPUTS
PLQ16L8 10 8 (6 1/0) 0
PLQ16R8 8 0 8
PLQ16R86 8 2110 6
PLQ16R4 8 410 4
®PAL Is a regi of inc., a wholly owned subsidiary of Advanced Micro Devices, Inc.

59



Philips Components—Signetics Programmable Logic Devices

Product Speci!icé:idn

PAL-type devices

16L8, 16R8, 16R6, 16R4

PLUS1 GRBD/—7 Series

PIN CONFIGURATIONS
PLUS16L8 PLUS16R8
/ /
| 20 | vee K|t —D— 20| vee
Iy E»— go— 19|07 ol2 H -3»- 19| 7
|3 H h—w Bg l|[:| H -$o— 18| Qg
OR oR - |+b
- ARRAY ARRAY
Is | 6 H h— 15 B3 Ig E— —$o— 15[ Q3
b
w|eH h_ﬂ By s[s H ~$o_ 13] a;
L P | [ E [
GND | 10 1|y GND[E L<p{ | oE
PLUS16L8 PLUS16R8
12 Iy lp Vec O7 It 1o ClKvee Q7
31]2|[1]|20]|19
314 18] Bs
W 5] os
AND
is[6 oR | outPuts (—16] By or | outPuTs
ARRAY Y
67 —15] 8,
i[s —14] 8,
Lo Jlof L] L2][13]
I3 GND g Op By 7 GNDTE Qp 0Oy
SYMBOL DESCRIPTION SYMBOL DESCRIPTION
1 Dedicated Input | Dedicated Input
[e] Dedicated combinatorial Qutput o] Dedicated combinatorial Output
Q Registered output Q Registered output
B Bidirectional (input/output) B8 Bidirectional (input/output)
CLK Clock input CLK Clock input
OE Output Enable OE Output Enable
Vee Supply Voltage Vee Supply Voltage
GND Ground GND Ground
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PAL-type devices
16L8, 16R8, 16R6, 16R4

PLUS16R8D/-7 Series

PIN CONFIGURATIONS
PLUS16R6 PLUS16R4
W S

ok [+ f—>— 2| vee
o[z H
n[=H 1
!
oCH we
i ARRAY
s[7 H
65

19| By

:

18| Qg

17| Qs

16 | Qq

1

15|03

14 0p

EEEEEE

YYYYVY

13] 0

|-,E- j— l 12| By
GNDE L<p{11 | TE

PLUS16R6

1y lg ClLKvce By

1] o
o
oR | oututs [16] o4
15] 03

[14] o

Iz GND OF By @4

SYMBOL  DESCRIPTION
|

CLKE—D—

&5
N
I

S
»
1

GND | 10

T

T

17

1

T

AND 16

Ol
ARRAY

15

YYVYY

14

13

12

Ty

8

"

SYMBOL

PLUS16R4

Iy Y CLKvce By

l7 GND OE Bg By

DESCRIPTION

20 I Vee
19 | By
18 | Bg

Qs

Q4

o

@

OUTPUTS 16| Q4
v o]

o

Dedicated Input ! Dedicated Input
o Dedicated combinatoria! Output o] Dedicated combinatorial Output
Q Registered output Q Registered output
2] Bidirectional (inputioutput) B Bidirectional (input/output)
ClK Clock input CLK Clock input
OE Output Enable OE Output Enable
Vee Supply Voltage Vee Supply Voltage
GND Ground GND Ground
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PAL-type devices _ i
16L8, 16R8, 16R6, 16R4 PLUS16R8D/-7 Series

LOGIC DIAGRAM PLUS16L8

o [

v-
B

2

ot e

PRODUCT TERMS (0-63)
&
i [

o ot e e
¥

0 INPUTS (0-31) 3
NOTES:
1. All unprogrammed or virgin "AND" gate locations are pulled to logic 0",
2. Programmable connections.
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PAL-type devices _ i
16L8, 16R8, 16R6, 16R4 PLUS16R8D/—7 Series

LOGIC DIAGRAM PLUS16R8
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CCLXLII )
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oo ] o
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PRODUCT TERMS (0-63)

[ssvus O]

[sSsUEY

L

)
D Q}—

o]
no— as
(+]

D G}

L

b

Q

COCLIL L)

X

<] o=

INPUTS (0-31) 3
NOTES:

1. All unprogrammed or virgin *AND" gate locations are pulled to logic "0".

2. % Programmable connections.
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PAL-type devices 2 .
16L8, 16R8, 16R6, 16R4 PLUS16R8D/-7 Series

LOGIC DIAGRAM PLUS16R6

cmm

3

N
o

S
!i @ a; ~ o
-
CLCUUUC) CLCCALLL) ﬁ
f T ? ‘
©
<

@

24 »,
g B—) >——— o] o
Z 31 »
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B w3 C
g 32 —
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8 _§:
e H
£ 5
39 »
w ({3 g
40 »
B
5
47 »! L

7
Y

o
]

& &
[susvusus)

7

n
o

T

0 g

0 INPUTS (0-31) 3
NOTES:
1. All unprogrammed or virgin "AND" gate locations are pulled to logic *0".
2. & Programmable connections.
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PAL-type devices X :
16L8, 16R8, 16R6, 16R4 PLUS16R8D/-7 Series

LOGIC DIAGRAM 'PLUS16R4

CLKE

s
® ; ~ )
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!|s| Bg
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-
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»
&

CULLCLL )
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PRODUCT TERMS (0-63)
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CLOCLL L)
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&
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S?: ng Sf
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|

o
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:
7
4

12| By

—<pfr] o

6.

©

:

0 INPUTS (0-31) 3
NOTES:
1. All unprogrammed or virgin "AND" gate locations are pulled to logic *0".
2. i Programmable connections.
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PAL-type devices

16L8, 16R8, 16R6, 16R4

PLUS16R8D/-7 Series

FUNCTIONAL DESCRIPTIONS

The PLUS16XX series utilizes the familiar
sum-of-products implementation consisting of
a programmable AND array and a fixed OR
array. These devices are capable of replacing
an equivalent of four or more SSI/MSI
integrated circuits to reduce package count
and board area occupancy, consequently
improving reliability and design cycle over
Standard Cell or gate array options. By
programming the security fuse, proprietary
designs can be protected from duplication.

The PLUS16XX series consists of four
PAL-type devices. Depending on the
particular device type, there are a variable
number of combinatorial and registered
outputs available to the designer. The
PLUS16L8 is a combinatorial part with 8 user
configurable outputs (6 bidirectional), while
the other three devices, PLUS16R8,
PLUS16R6, PLUS16R4, have respectively 8,
6, and 4 output registers.

3-State Outputs

The PLUS16XX series devices also feature
3-State output buffers on each output pin
which can be programmed for individual
control of all outputs. The registered outputs

AND ARRAY - (I, B)

(Qn) are controlled by an external input
(/OE), and the combinatorial outputs (On, Bn)
use a product term to control the enable
function.

Programmable Bidirectional Pins
The PLUS16XX products feature variable
Input/Output ratios. In addition to 8 dedicated
inputs, each combinatorial output pin of the
registered devices can be individually
programmed as an input or output. The
PLUS16L8 provides 10 dedicated inputs and
6 Bidirectional I/O lines that can be
individually configured as inputs or outputs.

Output Registers

The PLUS16R8 has 8 output registers, the
16R6 has 6, and the 16R4 has 4. Each
output register is a D-type flip-flop which is
loaded on the Low-to-High transition of the
clock input. These output registers are
capable of feeding the outputs of the
registers back into the array to facilitate
design of synchronous state machines.

Power-up Reset .
By resetting all flip-flops to a logic Low, as the
power is turned on, the PLUS16R8, R6, R4

enhance state machine design and
initialization capability.

Software Support

Like other Programmable Logic Devices from
Signetics, the PLUS16XX series are
supported by AMAZE, the PC-based software
development tool from Signetics. The
PLUS16XX family of devices are also
supported by standard CAD tools for PAL
devices, including ABEL and CUPL.

AMAZE is available free of charge to qualified
users.

Logic Programming

The PLUS16XX series is fully supported by
industry standard (JEDEC compatible) PLD
CAD tools, including Signetics AMAZE,
SLICE and SNAP design software packages.
ABEL™ CUPL™ and PALASM® 90 design
software packages also support the
PLUS16XX architecture.

All packages allow Boolean and state
equation entry formats. SNAP, ABEL and
CUPL also accept, as input, schematic
capture format.

s T cobE]
Cimacnver? | 0|

[ smte ] cooE |
TR

— i
L

s [t

— ]

PD pD

[ vonteaRE | - |

VIRGIN STATE

A factory shipped virgin device contains all
fusible links intact, such that:
1. Alloutputs are at “H" polarity.

2. All P,terms are disabled.

3. Al P terms are active on all outputs.

ABEL is atrademark of Data VO Corp.
CUPL is a trademark of Logical Devices, Inc.
PALASM is a registered trademark of AMD Corp.
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PAL-type devices . .
1618, 16R8, 16R6, 16R4 PLUS16R8D/-7 Series

ORDERING INFORMATION THERMAL RATINGS
DESCRIPTION ORDER CODE TEMPERATURE
PLUS16R8DN Maximum junction 150°C

stgg} gsgg: Maximum ambient 75°C

20-Pin Plastic Dual-In-Line PLUS16L8DN N

S00mi-wide PLUS1GRE-7N lezvjrﬁl?o!?ui:ggnnse 75°C
PLUS16R6-7N
PLUS16R4-7N
PLUS16L8-7N

PLUS16R8DA
PLUS16R6DA
PLUS16R4DA
20-Pin Plastic Leaded Chip Carrier (PLCC) e
PLUS16R6-7A
PLUS16R4-7A
PLUS16L8-7A

NOTE:

The PLUS16XX series of devices are also processed to military requirements for operation over
the military temperature range. For specifications and ordering information, consult the Signetics
Military Data Book.

ABSOLUTE MAXIMUM RATINGS?

RATINGS

SYMBOL PARAMETER MIN MAX UNIT
Vee Supply voltage -0.5 +7 Voe
Vin Input voltage -1.2 +8.0 Vpe
Vout Qutput voltage -05 Voo + 0.5V Voe
In Input currents -30 +30 mA
lout Output currents +100 mA
Tsyg Storage temperature range —65 +150 °c

NOTE:

1. Stresses above those listed may cause malfunction or permanent damage to the device. This
is a stress rating only. Functional operation at these or any other condition above those
indicated in the operational and programming specification of the device is notimplied.

OPERATING RANGES

RATINGS
SYMBOL PARAMETER MIN MAX UNIT
Vee Supply voltage +4.75 +5.25 Voe
Tamb Operating free—air temperature 0 +75 °C
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PAL-type devices R :
1618, 16R8, 16R6, 16R4 PLUS16R8D/-7 Series

DC ELECTRICAL CHARACTERISTICS
0°C < Tamp < +75°C, 4.75 < Ve < 5.25V

LIMITS
SYMBOL PARAM ETER TEST CONDITIONS MIN l TYP! I MAX UNIT
Input voltage?
ViL low | Vee = MIN 08 \
Vi High Vee = MAX 20 \
Vic Clamp Vee = MIN, Iy = -18mA -08 -1.5 \"
Output voltage
Vee = MIN, Viy = Vigor Vi

VoL Low loL = 24mA 05 v
Vou High low =—-3.2mA 24 v
Input current

Vee = MAX
I Low? Vi = 0.40V -250 HA
[ High?® ViN =27V 25 HA
h Maximum input current VN = Vee = Veemax 100 HA
Output current

Vee = MAX
lozu Output leakage Vour = 2.7V 100 HA
loz Output leakage Vouyr =0.4V -100 HA
los Short circuit 4 ° Vout =0V -30 -90 mA
lec Ve supply current Vec = MAX 180 mA
Capacitance®
Cn Input Ve =5V

Voyr =2.0V 8 pF
Ca 11O (B) Vour =2V, f = 1MHz 8 pF

NOTES:

. All typical values are at Ve = 5V, Tamp = +25°C.

. All voltage values are with respect to network ground terminal.

. Leakage current for bidirectional pins is the worst case of Ij and lozy or iy and loz.
. Test one at a time.

. Duration of short circuit should not exceed 1 second.

These parameters are not 100% tested but periodically sampled.

onAwN =~
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PAL-type devices

16L8, 16R8, 16R6, 16R4 PLUS16R8D/-7 Series
AC ELECTRICAL CHARACTERISTICS
Ry = 2000, R, = 3900, 0°C < Tamp < +75°C, 4.75 < Voo <5.25V
LIMITS
SYMBOL PARAMETER FROM TO -7 . UNIT
miN' | TP | MAX [ MIN' | MAX

Pulse Width
tokn Clock High CK+ CK- 5 ns
tekt Clock Low CK-" CK+ 5 ns
tckp Period CK+ CK+ 10 14 ns
Setup & Hold time
ts Input (nputor CK+ 7 9 ns
ty Input CK+ t;%g;:k 0 0 ns
Propagation delay
teko Clock CKt Qt 3 6.5 3 7.5 ns
tekF Clock?® CK+ o} 3 6.5 ns
tpp Output (16L8, R6, R4)? 1,B Output 3 75 3 10 ns
togt Output enable* OE Output enable 3 8 3 10 ns
toe2 Output enable®5 | Output enable 3 10 3 10 ns
top1 Output disable* OE Qutput disable 3 8 3 10 ns
top2 Output disable*5 | Output disable 3 10 3 10 ns
tskw Output Q Q 1 1 - ns
tepr Power-Up Reset Vee+ Q+ 10 10 ns
Frequency (16R8, R6, R4)

No feedback 1/ (tek + toki)® 100 714 MHz
fuax Internal feedback 1/ (ts + toke)® 90 64.5 MHz

External feedback 1/ (ts + tcko)® 74 60.6 MHz

-

NOTES:

1. CL = OpF while measuring minimum output delays.

2. tpp test conditions: CL = 50pF (with jig and scope capacitance), Vi = 3V, VL = 0V, Vo = VoL = 1.5V.

3. tckr was calculated from measured Internal fygax.

4. For 3-State output; output enable times are tested with C|_ = 50pF to the 1.5V level, and Sy is open for high-impedance to High tests and closed
for high-impedance to Low tests. Output disable times are tested with C . 5pF. High-to-High impedance tests are made to an output voltage of
Vr = (Vo — 0.5V) with Sy open, and Low-to-High impedance tests are made to the V1 = (Vg + 0.5V) level with S; closed.

wn

For definitions of the terms, please refer to the Timing/Frequency Definitions tables.

. Same function as togy and topy, with the difference of using product term control.

6. Not 100% tested, but calculated at initial characterization and at any time a modification in design takes place which may affect the frequency.

June 14, 1990
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PAL-type devices
16L8, 16R8, 16R6, 16 R4

PLUS16R8D/-7 Series

TEST LOAD CIRCUIT

Vec! T +5V Sy

o Lo $n

”Llj T o]

I . | 1

= : By/Op f—— R CL

| Ut QT I

puts | |
h Qn S
le— o OE =
© g T

i

NOTE:
Cy and Cp are 1o bypass Vi to GND.

OUTPUT REGISTER SKEW

ov

3v
n 1.5V
(REGISTERED OUTPUT)
ov
1SKwW
v
Qny1 1.5V
(REGISTERED OUTPUT) -

ov

3V
CLK -/

CLOCK TO FEEDBACK PATH .

CLK

4s

<G
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PAL-type devices Y/ ;
1618, 16R8, 16R6, 16R4 PLUS16R8D/-7 Series

TIMING DIAGRAMS1, 2 TIMING DEFINITIONS
SYMBOL | PARAMETER
Wu{g}(,,sv o o torn | Width of input clock pulse.
ov toKL Interval between clock pulses.
[~ 4H s

Clock period.

/— +av tckp
1V Required delay between

tis beginning of valid input and
positive transition of clock.

CLK ‘I.SV? 15V

Q

Required delay between
(REGISTERED OUTPUTS) ¢

tH positive transition of clock and
end of valid input data.

Delay between positive
transition of clock and when
fexr internal T output of flip-flop
becomes valid.

Delay between positive
Flin—Flop Outputs transition of clock and when
prrlop Sutp tcko outputs become valid (with
OE Low).

LB Delay between beginning of
(NPUTS) ) toEs Output Enable Low and when
ov outputs become valid.

) tpp

COMBINATORIAL Cv
¢ OUTPUTS) k ’
VoL Delay between predefined

toE2 top2 =" Output Enable High, and
) v loe2 | when combinational outputs
LB sy become valid.

Delay between beginning of
VoH topt Qutput Enable High and when
T outputs are in the Off-State.

<

(OUTPUT 5V
ENABLE)

ov Delay between predefined
Qutput Enable Low and when
: lobz combinational outputs are in
Gate Outputs the Off-State.

Delay between V¢ (after
power-on) and when flip-flop
Vee tepR outputs become presetat “1”

]h'sv internal Q outputs at “0”
vee (internal Q outputs at “07).

Propagation delay between

le— ov top combinational inputs and
i . outputs.

(RECJSTEREg 1.5V 1.5V You
°""‘"T5>m FREQUENCY DEFINITIONS

VoL
‘oK w tuax | No feedback: Determined by
v * ) the minimum clock period,
. 1.5V (tek. + tokn)-
ov Internal feedback:
4y ys— Determined by the internal
3V : delay from flip-flop outputs
CLK 1.5V 1.5V l|,5v through the internal feedback
/ — and array to the flip-flop
§s CKH ¢ inputs, 1(ts + tckr).
Y —: 7 External feedback:
S+CKF Determined by clock-to-output
delay and input setup time,
Power-Up Reset 1/(tis + tcko)-

1,8
(INPUTS)

ov

NOTES:
1. Input pulse amplitude is OV to 3V.
2. Inputrise and fall imes are 2.5ns.
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PAL-type devices
16L8, 16R8, 16R6, 16R4

PLUS16R8D/-7 Series

PROGRAMMING -

The PLUS16XX Series are programmable on conventional programmers for 20-pin PAL® devices. Refer to the followmg chans for qualified

manufacturers of programmers and software tools:

SUNNYVALE, CALIFORNIA 94088-3409

SLICE

PROGRAMMER MANUFACTURER PROGRAMMER MODEL FAMILY/PINOUT CODES
DATA 1O CORPORATION SYSTEM 29B, LogicPak™ 303A-V04 Lo 1eLaD - 1E0t7
F e o ae® HOAD, NLE. ADAPTER 303A-011A-V08 16R8-7/16R8D : 1B/24

0. 303A—011B-V04 16R6-7/16R6D - 18/24
REDMOND, WASHINGTON 98073-0746 | - Nis|TE 40148, V2.3 (DIP) 16R4—7/16R4D : 16724
~ V2.5 (PLCC)
(800)247-5700 MODEL 60, 60A/H, V.15.0
OO Y TEMS, INC. 2L30/30A PROGRAMMER 16L8-7/16L8D : 11/29
e REV. 30A31 (DIP) 16R8~7/16RED - 11/30
: REV, 30A001 (PLCC) 16R6-7/16R6D - 11/31
SANTA CLARA, CALIFORNIA 85054 PPZ PROGRAMMER 16R4-716R4D - 11/32
(408)988-1118 TBA
SOFTWARE MANUFACTURER DEVELOPMENT SYSTEM
SIGNETICS COMPANY SNAP
811 EAST ARQUES AVENUE REV 1.6 AND LATER
P.O. BOX 3409

REV 1.0 AND LATER

REDMOND, WASHINGTON 98073-9746
(800)247-5700

(408)991-2000
AMAZE SOFTWARE
REV. 1.7 AND LATER
DATA I/0
10525 WILLOWS ROAD, N.E. :
PO. BOX 97046 ABEL™ SOFTWARE

REV. 1.0 AND LATER

LOGICAL DEVICES, INC.
1201 NORTHWEST 65TH PLACE
FORT LAUDERDALE, FLORIDA 33309

(800)331-7766

CUPL™ SOFTWARE
REV. 1.01 AND LATER

June 14, 1990
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PAL-type devices } ]
16L8, 16R8, 16R6, 16R4 PLUS16R8D/-7 Series

SNAP RESOURCE SUMMARY DESIGNATIONS

-9
10

DINPALY: | [NINPALE:

PROGRAMMABLE AND ARRAY
LEANDLE
1 8 1 SDINPALT:
NINPALZ!
I NOUTPALYT
i NOUTPALZ:
00, 07 B1-B6

PLUS16L8

cLK 0-17
8
S CRPALY
DINPALZ: | [ NiNPALT:
) NINPALT:
::DINPAL?

 NogpALY:

PROGRAMMABLE AND ARRAY

KNG

<3—4

=}

G DEFPALY:
* 00 0 e

a Q o]
7 )
' NQUTPALZ: ENQUTPALZ
e o o 9 0
Qo a7

PLUS16R8
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PAL-type devices X :
168, 16R8, 16R6, 16R4 PLUS16R8D/-7 Series

SNAP RESOURCE SUMMARY DESIGNATIONS (Continued)

o-17
8

#NOEPALZ:

SDINPALT| | NINPALY

PROGRAMMABLE AND ARRAY

NINPALZ

NOUTPALY

Q1-Q6

PLUS16R6

o-17

HCKPALE: ENOEPALY:

GDINPALT|  [EMINPALT:

PROGRAMMABLE AND ARRAY

SNOUTPALT: NOUTPALT

Bo, B1, B6, B7 Q2-Q5

PLUS16R4
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Programmable Logic Devices

DESCRIPTION

The PHD16N8-5 is an ultra fast
Programmable High-speed Decoder
featuring a 5ns maximum propagation
delay. The architecture has been
optimized using Philips Components-
Signetics state-of-the-art bipolar oxide
isolation process coupled with
titanium-tungsten fuses to achieve
superior speed in any design.

The PHD16N8-5 is a single level logic
element comprised of 10 fixed inputs, 8
AND gates, and 8 outputs of which 6 are
bidirectional. This gives the device the
ability to have as many as 16 inputs.
Individual 3-State control of all outputs is
also provided.

The device is field-programmable,
enabling the user to quickly generate
custom patte/ns using standard
programming equipment. Proprietary
designs can be protected by
programming the security fuse.

The AMAZE software package from
Philips Components-Signetics supports
easy design entry for the PHD16N8-5 as
well as other PLD devices.

Order codes are listed in the pages
following.

PHD16N8-5

Programmable high-speed
decoder logic (16 x 16 x 8)

FEATURES
o [deal for high speed system decoding

® Super high speed at 5ns tpp
® 10 dedicated inputs

® 8 outputs
— 6 bidirectiona! I/0
- 2 dedicated outputs

® Security fuse to prevent duplication of
proprietary designs.

® |ndividual 3-State control of all outputs

® Field-programmable on industry
standard programmers

® Available in 20-pin Plastic DIP and
20-Pin PLCC

APPLICATIONS
® High speed memory decoders

® High speed code detectors

® Random logic

® Peripheral selectors

® Machine state decoders

® Footprint compatible to 16L8

® Fuse/Footprint compatible to TIBPAD

75

PIN CONFIGURATIONS

N Package
to [1] 20] vee
h 2] %] o7
iz [3] 18] Bs
s [4] 7] Bs
s [5] 16] B4
Is [€] 1] B,
s [7] 3] B,
7 [g] [13]
s [2] 1) oo
GND (10} 1] 19

N = Plastic DIP (300mil-wide)

A Package
2 Il VecO7
] B
miS
[e] By
15] 85
14] B,

g GND Iy Og By

A = Plastic Leaded Chip Carrier
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Programmable high-speed decoder logic pHD16N8_5
(16 x 16 x 8) ‘

LOGIC DIAGRAM

NOTES:
1. All unprogrammed or virgin "AND" gate locations are pulled to logic *0°

2. §;Programmable connections
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Programmable high-speed decoder logic
(16 x 16 x 8) PHD16N8-5

FUNCTIONAL DIAGRAM

B,-Bg

{Jonor

ORDERING INFORMATION THERMAL RATINGS
DESCRIPTION ORDER CODE TEMPERATURE
20-Pin Plastic Dual In Line Package; (300mil-wide) PHD16N8-5N Maximum junction 150°C
20-Pin Plastic Leaded Chip Carrier; (350mil square) PHD16N8-5A Maximum ambient 75°C
Allowable thermal rise o
ABSOLUTE MAXIMUM RATINGS! ambient o junction ks
RATINGS

SYMBOL PARAMETER Min Max UNIT

Vee Supply voltage -0.5 +7 Ve

Vin Input voltage -05 +5.5 Voc

Vour Output voltage +5.5 Voo

N Input currents -30 +30 mA

lout Output currents +100 mA

Tamo Operating temperature range 0 +75 °C

Teg Storage temperature range -65 +150 °C

NOTES:

1. Stresses above those listed may cause malfunction or permanent damage to the device. This
is a stress rating only. Functional operation at these or any other condition above those indi-
cated in the operational and programming specification of the device is not implied.

OPERATING RANGES
RATINGS
SYMBOL | PARAMETER Min Max UNIT
Vee Supply voltage +4.75 +5.25 Ve
Tamo Operating free-air temperature 0 +75 °C
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Programmable high-speed decoder logic PHD16N8-5
(16 x 16 x 8) , _

DC ELECTRICAL CHARACTERISTICS
0°C < Tamb < +75°C, 4.75 < Voo < 5.25V

LIMITS
SYMBOL PARAMETER TEST CONDITIONS MIN TYP? MAX UNIT
Input voltage?
ViL Low Ve = MIN 0.8 \
Viu High Vee = MAX 2.0 v
Vic Clamp Voo = MiN, Iy = ~18mA -0.8 -1.5 \"
Output voltage
Vec=MIN, Viy =V or VlL

VOL Low |o|_ = +24mA 0.5 \"
Vou High loy = -3.2mA 24 \
Input current

Vee = MAX
IIL Low V|N = +0.40V —20 -250 }lA
™ High ViN = +2.7V 25 pA
] High Vin = Ve = Veg MAX 100 RA
Output current

Vee = MAX
lozu Output leakage?® Vour = +2.7V 100 HA
lozL Output leakage? Vour = +0.40V -100 RA
los Short circuitt Vour = 0V -30 -90 mA
lec Ve supply current Vee = MAX 115 180 mA-
Capacitance®

Vcc =45V )
Civ Input Vin=20V@ f=1MHz 8 pF -
Cout /O (B) : Vout =2.0V@ f=1MHz 8 pF

NOTES:

1. Typical limits are at Ve = 5.0V and Tamp = +25°C. -

2. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included.
3. Leakage current for bidirectional pins is the worst case of Iy and lpz, or Iy and lozy.

4. Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second.
5. These parameters are not 100% tested, but are periodically sampled.
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Programmable high-speed decoder logic PHD16N8-5
(16 x 16 x 8) '

AC ELECTRICAL CHARACTERISTICS
0°C < Tamp < +75°C, 4.75 < Ve £5.25V, Ry = 200Q, Ry = 390Q

TEST LIMITS
SYMBOL PARAMETER FROM TO CONDITIONS MIN MAX UNIT
tpp! Propagation delay (I,B) £ Output + C_ =50pF 5 ns
tog? Output Enable (,By+ Output enable C = 50pF 10 ns
top? Output Disable (.B)+ Input disable C_=5pF 10 ns

NOTES:

1. tpp s tested with switch Sy closed and Cy = 50pF.

2. For 3-State output; output enable times are tested with C|_ = 50pF to the 1.5V level, and S, is open for high-impedance to High tests and
closed for high-impedance to Low tests. Output disable times are tested with C_ . 5pF. High-to-High impedance tests are made to an output
voltage of V1 = (Vo — 0.5V) with S; open, and Low-to-High impedance tests are made to the Vt = (Vo + 0.5V) level with S; closed.

VIRGIN STATE
A tactory shipped virgin device contains all
fusible links open, such that:

1. All outputs are disabled.

2. All p-terms are disabled in the AND array.

TIMING DEFINITIONS
SYMBOL PARAMETER

Input to output propagation
D .| delay.

PROPAGATION DELAY ~ ns

Input to Output Disable TEST CONDITIONS: Taqyp = 75°C;
too (3-State) delay (Output VG = 4.75V; C|_ = 50pF;
Disable). R{ = 2000; R = 350Q

Input to Output Enable
toe Worst-Case Propagation Delay vs.
defay (Output Enable). Number of Outputs Switching

TIMING DIAGRAM

3.0v
INPUTS, /0 — 1,5V

tp| i . 00— 'OE.{

VoH
OUTPUTS
VoL

ov

WAVEFORM INPUTS ouTRUTS WAVEFORM INPUTS OUTPUTS
DON'T CARE; CHANGING;
ST BE wloe ANYCHANGE  STATE
PERMITTED UNKNOWN

CENTER
DOES NOT LINE IS HIGH
APPLY IMPEDANCE

“OFF" STATE
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Programmable high-speed decoder logic

(16 x 16 x 8)

PHD16N8-5

AC TEST LOAD CIRCUIT VOLTAGE WAVEFORMS
43.0V‘
90%
Vee T +5V Sy ‘X—-
‘ * P p— =
Ct'L lcz 55“1 : ——I L«n tp—‘ L—
By 2.5ns 2.5ne

o—l—bgw
o—l—- By

>
Ry 2
2:. I

B2 OUTPUTS i—

DuT

NOTE:
C1 and Cp are 1o bypass Vog to GND.

ik g

MEASUREMENTS:
All circult defays are measured at the +1.5V level of
inputs and outputs, unless otherwise specified.

Input Pulses

LOGIC PROGRAMMING

The PHD16N8-5 is fully supported by
industry standard (JEDEC compatible) PLD
CAD tools, including Signetics’ AMAZE,
SLICE and SNAP design software packages.
ABEL™ CUPL™ and PALASM® 90 design
software packages also support the
PHD16N8-5 architecture.

“AND” ARRAY - (I, B)

All packages allow Boolean and state
equation entry formats. SNAP, ABEL and
CUPL also accept, as input, schematic
capture format.

PHD16NB-5 logic designs can also be

generated using the program table entry
format, which is detailed on the following
page. This program table entry format is

supported by AMAZE and SLICE only. Both
AMAZE and SLICE design packages are
available, free of charge, to qualified users.

To implement the desired logic functions,
each logic variable (I, B, P and D) from the
logic equations is assigned a symbol. TRUE
(High), COMPLEMENT (Low), DON'T CARE
and INACTIVE symbols are defined below.

L8 L8 LB 1,8
1B L8 LB L8
LB LB LB 14}
RD PD D RD
[ STATE [ “cooe ] [ STATE [ cone | [ STATE [ cobe | [ STATE [ cooe |
L mnacve! | o | | TRUE | w1 Lcompement | v | | oontcare | - |
NOTE:

1. Thisis the initial state.

ABEL is atrademark of Data /O Comp,
CUPL is a trademark of Logical Devices, Inc.
PALASM is a registered trademark of AMD Corp.

March 27, 1990
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Programmable high-speed decoder logic
(16 x 16 X 8) PHD16N8-5

PROGRAM TABLE

AND OR (FIXED)

D
A

INPUT (I) INPUTS (B) OUTPUTS (B, O)

zTIm=

3210554'3 2|1 7554'3210

7 6| 5| 4

ACTIVE OUTPUT

DIRECTION
NOT USED

DON'T CARE

INACTIVE

CF(XXXX)
DATE

REV.
VARIABLE
NAME

-
°

>

NOTES:

1. The PHD16N8-5 is shipped with all links intact.

2. Unused | and B bits in the AND array exist as INACTIVE in the virgin state.

3. All p—terms are inactive until programmed otherwise.

4. Data cannot be entered into the OR array field due to the fixed nature of the device architecture.

CUSTOMER NAME

PURCHASE ORDER #

SIGNETICS DEVICE #

CUSTOMER SYMBOLIZED PART #
TOTAL NUMBER OF PARTS
PROGRAM TABLE #

March 27, 1990 81
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Programmable high-speed decoder logic - . ' PHD16N8-5
(16 x 16 x 8) '

DECODING 1/2 MEG STATIC MEMORY

AH31
[} b——(]
o | pHorens
16K x4
. — SRAM
AL16
AH31
° I
. I
o | PHD16NS
° -
AL16——]
L
L
L]
AH31 ‘e
° -
. L
o | PHDIENS
° I
AL16 ——]
AH31
. R
. L
o | PHD16NS
L]
AL1s.
16K x4
SRAM

SNAP RESOURCE SUMMARY DESIGNATIONS

> By-Bg
iNQUTPALY;
o {] oo
ENOUTPALY:
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Programmable Logic Devices

DESCRIPTION

The PLHS18P8A and the PLHS18P8B
are two-level logic elements consisting
of 72 AND gates and 8 OR gates with
fusible connections for programming /O
polarity and direction.

All AND gates are linked to 10 inputs (l)
and 8 bidirectional /O lines (B). These
yield variable 1/0 gate configurations via
8 direction control gates, ranging from
18 inputs to 8 outputs.

On-chip T/C buffers couple either True
(1, B) or Complement (1, B) input
polarities to all AND gates. The 72 AND
gates are separated into 8 groups of 9
each. Each group of 9 is associated with
one bidirectional pin. In each group,
eight of the AND terms are ORed
together, while the ninth is used to
establish I/O direction. All outputs are
individually programmable via an
Ex-OR gate to allow implementation of
AND/OR or NAND/NOR logic functions.

In the virgin state, the AND array fuses
are back-to-back CB-EB diode pairs
which will act as open connections.
Current is avalanched across individual
diode pairs during fusing, which
essentially short circuits the EB diode
and provides the connection for the
associated product term.

The PLHS18P8A/B is field-
programmable, allowing the user to
quickly generate custom patterns using
standard programming equipment.

Order codes are listed in the Ordering
Information Table.

PLHS18P8A/B
PAL®-type devices

FEATURES

® “A” version 100% functionally
compatible with AmPAL18P8A and all
1618, 16P8, 16H8, 16L2, 16H2, 14L4,
14H4, 12L6, 12H6, 10L8, 10H8,
16LD8 and 16HD8 “A” speed
PAL-type products

® “B” version 100% functionally
compatible with AmPAL18P8B and all
16L8, 16P8, 16H8, 16L2, 16H2, 14L4,
14H4, 12L6, 12H6, 10L8, 10H8,
16LD8 and 16HD8 “B” speed

* PAL-type products

® Field-programmable
® 10 inputs
© 8 bidirectional I/O lines
® 72 AND gates/product terms
— configured inta eight groups of nine

® Programmable output polarity (3-State
output)

® {/O propagation delay:
— PLHS18P8A: 20ns (max)
— PLHS18P8B: 15ns (max)

® Power dissipation: 500mW (typ)
® TTL compatible

® Security fuse

®PAL is a registered trademark of Monolithic Memories, Inc., a wholly owned subsidiary of Advanced Micro Devices, Inc.
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PIN CONFIGURATIONS

N Package

ZD:] Vce
9] By
% Bs
17] Bs
é Ba
18] Bs
1] 8,
3] B

2] By
o

&
Bl [=] [=] [N [o] [o] [=] [«] [~] []

N = Plastic DIP {300mil-wide)

A Package

lo Vcc By

2 Iy

8] 85
[i7] 85

16] By
B3

Ep

Ilg GND Ig Bg By
A = Plastic Leaded Chip Carrier

APPLICATIONS

® 100% functional replacement for all
20-pin combinatorial PAL devices

® Random logic

® Code converters

® Fault detectors

® Function generators
® Address mapping

® Multiplexing
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PAL-type devices

PLHS18P8A/B

LOGIC DIAGRAM

o [(HZ

INPUTS (0-35)

TIX

U

0

IO

il

] o

v—[5] 85

D—:—t) [

18 —
-
»
»
»
% - =2
W fHZ
27 D
<
e
o
2 s ik
u
5 l4 |:H?
2 35 O
o
©
o
“ =
s FHZ
45 D—
;;;;;; R
»
»
53 » . =
o EHS 4
54 —
—
»
oo
»
»
R
» i

NOTES:
2.

1. All unprogrammed or virgin “AND" gate locations are pulled to logic “1".
Programmable connections.

October 16, 1989
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PAL-type devices PLHS18P8A/B
FUNCTIONAL DIAGRAM
P71 LOGIC TERMS Po
o[
W5 i
B 3
&
oot B7
ot ——o By
@/ Bo ! .
——0 80
ORDERING INFORMATION THERMAL RATINGS
DESCRIPTION ORDER CODE TEMPERATURE
20-Pin Plastic Dual In-Line (300mit-wide) PLHS18P8AN, PLHS18P8BN Maximum junction 150°C
20-Pin Plastic Leaded Chip Carrier PLHS18P8AA, PLHS18P8BA Maximum ambient 75°C
Allowable thermal rise 750G
ABSOLUTE MAXIMUM RATINGS? ambient o juncion

SYMBOL PARAMETER RATINGS UNIT
Vee Supply voltage -051t0+7 Ve
ViN Input voltage -0.5t0+5.5 Voc
Vout Output voltage —0.5 to V¢e Max Voc
Vouterg | Output voltage (programming) +21 Voc
IN Input current -30to +5 mA
lout Output current +100 mA
louTtPRG Output current (programming) +170 mA
Tamb Operating temperature range Oto +75 °C
Ty Storage temperature range . —651t0 +150 °C

NOTES:

1. Stresses above those listed may cause malfunction or permanent damage to the device. This
is a stress rating only. Functional operation at these or any other condition above those

indicated in the operational and programming specification of the device is not implied.

October 16, 1989
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PAL-type devices PLHS18P8A/B

DC ELECTRICAL CHARACTERISTICS
0°C < Tamb < +75°C, 4.75 < Ve < 5.25V

LIMITS
SYMBOL | . PARAMETER TEST CONDITIONS PLHS18P8A PLHS18P8B UNIT
MIN | TYP' | MAX | MIN [ TYP! [ max

Input voltage?

V|L Low Vcc =MIN +0.8 +0.8 \
Viu High . Vee = MAX +2.0 +2.0 \
Vic Clamp Vee = MIN, iy = —18mA -0.9 -1.2 -09 -1.2 A
Output voltage
Vcc = MIN, V|N = VlH or Vu_
Voo Low loL = +24mA +0.50 +0.50 v
Vou High loy ==3.2mA +2.4 +3.5 +2.4 +3.5 v
Input current
Vee = MAX :
|||_ Low Vin = +0.40V -20 -100 -20 -100 PA
™ High ViN=+2.7V +25 +25 pA
I High Viy = +5.5V +1.0 +1.0 | mA
Output current
Vee = MAX, Vi = 0.8V, Vi = 2.0V
lozn Output leakage Vout = +2.7V +100 +100 A
lozL Qutput leakage Vour = +0.40V -250 —250 HA
los Short circuit Vour = +0.5V 25 | 60 | 90 | 80 | -60 [ 90 mA
lcc Vcc current Ve = MAX, All inputs = GND 100 155 100 155 mA
Capacitance?
Vcc =45V
Ci Input ViN=20V@ f=1MHz 6 6 pF
Cour l{e} Vour=2.0V@ f = 1IMHz 9 9 pF
NOTES:

1. Typical limits are at Vgg = 5.0V and Tamp = +25°C. -

2. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included.

3. Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second. Voyt = 0.5V has
been chosen to avoid test problems caused by tester ground degradation.

4. These parameters are not 100% tested, but are periodically sampled.
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PAL-type devices

PLHS18P8A/B

AC ELECTRICAL CHARACTERISTICS
0°C < Tamp < +75°C, 4.75 < Voo < 5.25V, Ry = 200Q, R, = 390Q

LIMITs
SYMBOL PARAMETER FROM TO TEST PLHS18P8A PLHS18P8B UNIT
CONDITIONS MIN | TYP | MAX | MIN | TYP | MAX
tep Propagation delay Output £ Input+ C =50pF 14 20 12 15 ns
tea Output enable?® QOutput — Input C = 50pF 14 20 12 15 ns
ter Output disable? Output + Input + CL=5pF 14 20 12 15 ns
NOTES:

1. Typical limits are at Vg = 5.0V and Tamp = +25°C.
2. tppis tested with switch S, closed and C| = 50pF.

3. For 3-State output; output enable times are tested with C|_ = 50pF to the 1.5V level, and S; is open for high-impedance to High tests and
closed for high-impedance to Low tests. Output disable times are tested with C| . 5pF. High-to-High impedance tests are made to an output
voltage of V1 = (Vo — 0.5V) with S, open, and Low-to-High impedance tests are made to the V1 = (Vo + 0.5V) level with S, closed.

VIRGIN STATE TIMING DEFINITIONS

A factory shipped virgin device contains all SYMBOL PARAMETER
fusible links open, such that:

1. All outputs are at “H" polarity. tep Input to output propagation

2. All outputs are enabled.

delay.

ter Input to output disable
3. All p-terms are enabled. (3-State) delay (Output
Disable).
tea Input to Output Enable
delay (Output Enable).
TIMING DIAGRAM
3.0V
INPUTS, 1/0 ——— 15V
ov
tp) tER—™] ‘EA‘-‘
YoH
OUTPUTS
VoL
WAVEFORM INPUTS OUTPUTS WAVEFORM INPUTS OUTPUTS
wose e i R
STEADY STEADY '
PERMITTED UNKNOWN
CENTER
DOES NOT LUINE IS HIGH
APPLY IMPEDANCE
“OFF" STATE

October 16, 1989
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PAL-type devices

PLHS18P8A/B

ACTEST LOAD CIRCUIT VOLTAGE WAVEFORMS
430V — —
vee +5V S
Cq "l‘ Cz2 S Ry ov
Sns! ! iF Sns
[ A e . J -
= | ! P J_ +3.0V:
| | Ry & CL
INPUTS | o g DuT | b
T —"|Bw | .
| | oy——— r
o—;b B: B; —>|
X a0 - OUTPUTS == sns sns
- MEASUREMENTS:
_L All circuit delays are measured at the +1.5V level of
- inputs and outputs, unless otherwise specified.
NOTE:
C1and C3 are to bypass V¢ to GND. Input Pulses

LOGIC PROGRAMMING

The PLHS18P8A/B is fully supported by
industry standard (JEDEC compatible) PLD
CAD tools, including Signetics’ AMAZE
design software package. ABEL™ CUPL™
and PALASM® 90 design software packages
also support the PLHS 18P8A/B architecture.

All packages allow Boolean and state
equation entry formats. ABEL and CUPL also
accept, as input, schematic capture format.

OUTPUT POLARITY - (B)

PLHS18P8A/B logic designs can also be
generated using the program table format
detailed on the following pages. This program
table entry (PTE) format is supported by the
Signetics' AMAZE PLD design software (PTP
module). AMAZE is available free of charge
to qualified users.

To implement the desired logic functions, the
state of each logic variable from logic
equations (I, B, O, P, etc.) is assigned a
symbol. The symbols for TRUE,
COMPLEMENT, INACTIVE, PRESET, etc.,
are defined below.

x x ®
[ acnveiever T cooe | [ acnveLeveL | cope |
Low Tt 1 {_wow' [ W}
“AND” ARRAY - (I, B)
LB : LB 1B LB
LB LB 1B L8
LB 9] LB 18
nD RD P,D D
| state | cooE | [ st [ cooe 1} [ st | _cooE [ STATE | cooE ]
| macve2 | o | | 1,B | w1 | LB [ ¢ | oontcame! | - |
NOTE:

1. This is the initial state of all link pairs.

2. All unused product terms must be programmed with all pairs of fuses in the INACTIVE state (all fuses on an unused p-term must be

programmed).

ABEL is a trademark of Data /O Comp.
CUPL is a trademark of Logical Devices, Inc.
PALASM is a registered trademark of AMD Corp.

October 16, 1989

a8




Product Specification

Philips Components-Signetics Programmable Logic Devices

PLHS18P8A/B

PAL-type devices

PROGRAM TABLE

POLARITY
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Programmable Logic Devices

DESCRIPTION

The PLC18V8235 and PLC18V8Zi are
universal PAL-type devices featuring high
performance and virtually zero-standby power
for power sensitive applications. They are
reliable, user-configurable substitutes for
discrete TTL/CMOS logic. While compatible
with TTL and HCT logic, the PLC18V8ZI can
also replace HC logic over the V¢c range of
451t 5.5V.

The PLC18V8BZ is a two-level logic element
comprised of 10 inputs, 74 AND gates
(product terms) and 8 output Macro cells.

Each output features an “Output Macro Cell”
which can be individually configured as a
dedicated input, a combinatorial output, or a
registered output with internal feedback. As a
result, the PLC18V8Z is capable of emulating
all common 20-pin PAL devices to reduce
documentation, inventory, and manufacturing
costs.

A power-up reset function and a Register
Preload function have been incorporated in
the PLC18V8Z architecture to facilitate state
machine design and testing.

With a standby current of less than 100pA
and active power consumption of
1.5mA/MHz, the PLC18V8Z is ideally suited
for power sensitive applications in battery
operated/backed portable instruments and
computers.

The PLC18V8Z is also processed to
industrial requirements for operation over an
extended temperature range of -40°C to
+85°C and supply voltage of 4.5V to 5.5V.

Ordering information can be found in the
Ordering Information table.

PLC18V8235/ PLC18V8ZI

Zero standby power

universal PAL®-type devices

FEATURES

® 20-pin Universal Programmable Array
Logic

® Virtually Zero-Standby-power

© Functional replacement for Series 20
PAL devices
— loL = 24mA

® High-performance CMOS EPROM cell
technology
— Erasable
— Reconfigurable
— 100% testable

® 35ns Max propagation delay (comm)
® 40ns Max propagation delay (Industrial)

® Up to 18 inputs and 8 input/output macro
cells

® Programmable output polarity

® Power-up reset on all registers

® Register Preload capability

® Synchronous Preset/Asynchronous Reset

® Security fuse to prevent duplication of
proprietary designs

® Design support provided using AMAZE
software development package and other
CAD tools for PLDs

® Available in 300mil-wide DIP with quartz
window, plastic DIP (OTP) or PLCC (OTP)

APPLICATIONS

® Battery powered instruments
® | aptop and pocket computers
@ |ndustrial control

® Medical Instruments

® Portable communications equipment

®PAL is a registered trademark of Monolithic Memories, Inc., a wholly owned subsidiary of Advanced Micro Devices, Inc.
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PIN CONFIGURATIONS

N and FA Packages
1p/CLK (1] ~ [20] Ve
n 2] 15) F7
12 [3] 18] Fs
15 (4] [17) Fs
wl(E 77N\ [FF
15 [6] \\ /) [15) F3
15 {7} 4] Fa
w [2] 3] Fy
1} E

GND

12| Fo
J 1g/OE

N = Plastic DIP (300mil-wide)
FA = Ceramic DIP with Quartz Window (300mil-wide)

A Package

lo/
I 1y CLKVee Fr

18] Fg
17 Fs
18] Fy

i3] Fy
[19]

1g GND lg/ Fo Fy
OE

A = Plastic Leaded Chip Carrier

PIN LABEL DESCRIPTIONS

] Dedicated input

B Bidirectional input/output

o) Dedicated output

D Registered output
(D-type flip-flop)

F Macrocell input/Output

CLK Clock Input

OE Output Enable

Vee Supply Voltage

GND | Ground
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Zero standby power .
universal PAL-type devices PLC18V8Z Series

LOGIC DIAGRAM
) 4 8 12 16 20 24 28 32 35
oot s —
DIR_|
~ e ; =5
19| F
ac 4
ac2
n[z | 3
oR SIK| |oE
= SP
18]
e i
< [AC2
o
C
DR K[ foE
sP
17|Fs
Act
ac2
o
CIX| | oE
DIR
SP
16] .
b 4
AC2
cik|  [oE
DIR

SP

j‘:g:Am
AC2

e [
DIR

OE
& F;
™ e :
AC2
OE
OE

CLK
DIR jf[

:Fg: AC1
AC2

w3}

CLK I
—~ DIR
SP
Fo
3 AC2
D= o
SP ' CLK OE
AR —D
1 X - 16/0F
i DM NITHT DDA N DONNNRm = QOO QON CONFIG. ]
S SO D00 TS N0 9800 SINNuT A8Se e s CELL
NOTES:
Inthe unprogrammed or virgin state: Pins 1 and 11 are configured as Inputs 0 and 9, respectively, viathe configuration cll. The clock and
UE functions are disabled.
All cells are in a conductive state. All output macro cslis (OMC) are configured as bidirectional VO, with the outputs disabled via the
All AND gate locations are pulled to a logic "0* (Low). direction term.

Output polarity is inverting. Denotes a programmable cell location.
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Zero standby power

universal PAL-type devices

PLC18V8Z Series

PAL DEVICE TO PLC18V8Z OUTPUT PIN CONFIGURATION
CROSS REFERENCE
PN | pLc | 1eHs | 16Ra | 16Rs | 168 b4l Bl BBl IS
No. |4avez | feps |1empa |1sRPs |1eRPs | JCEB | TE2 | 208 | 00
1 |lCK| 1 | CLK | CLK | CLK | 1 | i i
©° | F7 | B B B D | i | )
18 F6 | B B D D I | o | o
7 | F5 | B D ) ) ! o | o | o
6 | F4 | B D D D o | o | o | o
15 F3 B D D D o) (o] (o] o]
14 | F2 | B D D ) | o | o | o
13 | Fi B B D D | | o | o
12 | Fo | B B B D i i | o
1 |IgOE | 1 | O OE | | i | |

The Signetics state-of-the-art Floating-Gate
CMOS EPROM process yields bipolar
equivalent performance at less than
one-quarter the power consumption. The
erasable nature of the EPROM process
enables Signetics to functionally test the
devices prior to shipment

to the customer. Additionally, this allows
Signetics to extensively stress test, as well as
ensure the threshold voltage of each
individual EPROM cell. 100% programming
yield is subsequently guaranteed.

OUTPUT MACRO CELL (OMC)
FROM AND

ARRAY )\ 10 ALL OMCs
S Al
| DIRECTION CONTROL TERM | o
| i VeeJo1 O
| MUX
! 5% 10
|

1 OUTPUT
= POLARITY

CONTROL
AC1
AC2~F

NOTE:
# Denotes a programmable cell location.

September 1, 1989
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FUNCTIONAL DIAGRAM
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THE OUTPUT MACRO CELL
(OMC)

The PLC18V8Z series devices have 8
individually programmable Output Macro
Cells. The 72 AND inputs (or product terms)
from the programmable AND array are
connected to the 8 OMCs in groups of 9.
Eight of the AND terms are dedicated to logic
functions; the ninth is for asynchronous
direction control, which enables/disables the
respective bidirectional /O pin. Two product
terms are dedicated for the Synchronous
Preset and Asynchronous Reset functions.

Each OMC can be independently
programmed via 16 architecture control bits,
AC1, and AC2,, (one pair per macro cell).
Similarly, each OMC has a programmable
output polarity control bit (Xn). By configuring
the pair of architecture control bits according
to the configuration cell table, 4 different
configurations may be implemented. Note that
the configuration cell is automatically
programmed based on the OMC
configuration.

DESIGN SECURITY

The PLC18V8Z series devices have a
programmable security fuse that controls the
access to the data programmed in the device.
By using this programmable feature,
proprietary designs implemented in the device
cannot be copied or retrieved.
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CONFIGURATION CELL for all registered OMCs is common—from Pin  enabled on Pins 1 and 11, respectively. If

A single configuration cell controls the 11 only. Output enable control of the none of the OMCs are registered, the
functions of Pins 1 and 11. Refer to bidirectional I/O OMCs is provided from the configuration cell will be programmed such
Functional Diagram. When the configuration AND array via the direction product term. that Pins 1 and 11 are dedicated inputs. The
cellis programmed, Pin 1 is a dedicated If any one OMC is configured as registered, programming codes are as follows:
doc:lan‘c;v: in 1{:‘ Is dezlcate? for o:lput the configuration cell will be automatically Pin 1= CLK, Pin 11 =OF

enable. ¥hen the configuration cellis configured (via the design software) to ensure - -

unprogrammed, Pins 1 and 11 are both that tie do<(:k and outpl.?t enable fur:cﬁons are Pin 1 and Pin 11 = Input H

dedicated inputs. Note that the output enable

CONTROL CELL CONFIGURATIONS

FUNCTION AC1, AC2y CONFIG. CELL COMMENTS
Registered mode Programmed Programmed Programmeq %:iiﬁ &;;Z?;éorgkofﬁ'gﬁig; EE ﬁog;;'l
Bidirectional I/O mode? Unprogrammed Unprogrammed Unprogrammed gjgiaiteaggnlrloﬁ%fiﬁgﬁgf g:'asly
Fixed input mode Unprogrammed Programmed Unprogrammed Pins 1‘ and 11 are dedicated inputs.
Fixed output mode Programmed Unprogrammed Unprogrammed zgsbgiﬂi;:h?L?a?ﬁfﬁt?sdégﬂﬁ;@e
NOTE:

1. This is the virgin state as shipped from the factory.

ARCHITECTURE CONTROL—ACT and AC2

oE
sp F(D), F )
s § s
F(8),F (B b F(0),F (0)
I, p LD
[} =
OMC CONFIGURATION | CODE OMC CONFIGURATION | CODE OMC CONFIGURATION | CODE
1
REGISTERED (D-TYPE] D BIDIRECTIONAL 1'0 XED OUTPU o
{ ) (COMBINATORIAL) s FIXED QUTPUT

— s>
SP ——| ‘CYK Q D"_ F(D), F (D) gg: oK a
} 20) AR ——{ an—]
OE. NC—1 OE
) = {n]

OMC CONFIGURATION | CODE : CONFIGURATION CELL | CODE CONFIGURATIONCELL | CODE
PIN1=CLK PIN1 = INPUT 5
FIXED INPUT ! PIN 11 = OF L PIN 11 = INPUT H

NOTE:

A factory shipped unprogrammed device is configured such that:

. This is the initial unprogrammed state. All cells are in a conductive state.

. All AND gates are pulled to a logic “0" (Low).

. Output polarity is inverting.

Pins 1 and 11 are configured as inputs 0 and 9. The clock and OE functions are disabled.

. All Output Macro Cells (OMCs) are configured as bidirectional I/O, with the outputs disabled via the direction term.

This configuration cannot be used if any OMCs are configured as registered (Code = D). The configuration cell will be automatically configured
to ensure that the clock and output enable functions are enabled on Pins 1 and 11, respectively, if any one OMC is programmed as registered.

[ W NE A R
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ORDERING INFORMATION
DESCRIPTION OPERATING CONDITIONS ORDER CODE
20-Pin Plastic Dual In-Line Package Commercial
300mil-wide (tpp = 35ns) Temperature Range PLC18VBZ3SN
20-Pin Ceramic Dual In-Line Package ;
300mil-wide with quartz window (tpp = 35ns) + 5% Power Supplies PLC18V8Z35FA
20-Pin Plastic Leaded Chip Carrier
350mil square (tpp = 35ns) PLC18VBZ35A
20-Pin Plastic Dual In-Line Package Industrial
300mil-wide (tpp = 40ns) Temperature Range PLC1BVBZIN
20-Pin Ceramic Dual In-Line Package " :
300mil-wide with quartz window (tPD = 40['!8) +10% Power Supplles PLC18V8BZIFA
20-Pin Plastic Leaded Chip Carrier
350mil square (tpp = 40ns) PLC18VBZIA
ABSOLUTE MAXIMUM RATINGS! THERMAL RATINGS
SYMBOL PARAMETER RATINGS UNIT TEMPERATURE
Vee Supply voltage 0510 +7 Voe Maximum junction 150°C
] 4510 5.5 (Industrial) Maximum ambient 75°C
Vi Operating supply voltage g \/
cc P g supply 9 4.75 t0 5.25 (Commercial) oc Allowable thermal riso 275G
Vin Inputvoltage 0510 Vec +0.5 Voe ambient to junction
Vour Cutput voltage 05t Vec+0.5 Ve
Iy Input currents —-10to +10 mA
lout Output currents +24 mA
Tamo Operating temperature range 34‘2 tfﬁs(%g:qdmuzﬁﬂf) °C
Tag Storage temperature range —65 to +150 °C
NOTE: :
1. Stresses above those listed may cause malfuncion or permanent damage to the device. This
is a stress rating only. Functional operation at these or any other condition above those
indicated in the operational and programming specification of the device is not implied.
AC TEST CONDITIONS VOLTAGE WAVEFORMS
+3.0V — v o —
Veo +5V St
ol Lo $n, 1
° o1 By I —JSM R 5ns
- I I 5 _]_ +3.0V
| I R2 oL 90%
INPUTS | p buT i w j
Bw || ! 10%
| ov
P S l.
oo 2 OUTPUTS == . s _—]5"’
= MEASUREMENTS:
_L All circuit delays are measured at the +1.5V leve! of
—3 inputs and outputs, unless otherwise specified.
NOTE: :
Cyand C are to bypass VoG 1o GND. Input Pulses
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DC ELECTRICAL CHARACTERISTICS
Commercial = 0°C < Tayp < +75°C, 4.75V < Ve < 5.25V;
Industrial = —40°C < Tamp < +85°C, 4.5V < Ve < 5.5V

LIMITS
SYMBOL PARAMETER TEST CONDITION MIN L TYP? J MAX UNIT
Input voltage
Vi Low Vee = MIN -0.3 0.8 v
Vin High Vcc = MAX 20 Vcc +03 \
Output voltage?
Vee = MIN, lop = 20pA 0.100 v

Vo Low Veg = MIN, lo, = 24mA 0.500 v

N Vee = MIN, loy = -3.2mA 24 v
Vo High Vee = MIN, loy =—20pA Voo -0.1V Y
Input current
I Low’ Vin = GND -10 pA
4 High Vin=Vee 10 pA
Output current

" V = 10 :
lo(oFF) Hi-Z state V:‘:{'.T= gﬁ% -10 ﬂ
los Short-circuit® Vout = GND -130 mA
lec Vee supply current (Standby) Vee = MAX, Viy = 0 or Vec® 100 HA
lec/t Vec supply current (Active)* Vec = MAX (CMOS inputs)3-6 1.5 mA/MHz
Capacitance

Voo =5V
C Input Vi = 2.0V 12 pF
Cg [l{e] Vg =2.0V 15 pF
NOTES:

1. All typical values are at Vg = 5V, Ty, = +25°C.
2. All voltage values are with respect to network ground terminal.
3. Duration of short-circuit should not exceed one second. Test one at a time.
4. Tested with TTL input levels: V| = 0.45V, V|, = 2.4V. Measured with all outputs switching.
5. Alge/TTLinput = 2mA,
6. Alcc vs frequency (registered configuration) = 2mA/MHz.
7. Iy for Pin 1 (Io/CLK) is £ 10pA with Vyy = 0.4V,
8. Vjyincludes CLK and OE if applicable.
15 6
5
/ .
10
Z 4 : 4
_E / g2
4a, L1
s
V4 )%
o 7
100pA / -1 y
%0 2 4 6 s 10 20 20 40 60 80 100 120 140 160 180 200
H{MHz) OUTPUT CAPACITANCE LOADING (pF)
Figure 1. Icc vs Frequency Figure 2. Atpp vs Output Capacitance
(Worst Case) Loading (Typical)
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AC ELECTRICAL CHARACTERISTICS
Commercial = 0°C g Tamp < +75°C, 4.75V < Vo < 5.25V;
Industrial = —40°C < Tamp < +85°C, 4.5V < Veg < 5.5V; Ry = 390Q

PLC18V8Z35 PLC18V8ZI
TEST CONDITION! (Commercial) (Industrial)
SYMBOL PARAMETER FROM TO R: () CL MIN MAX MIN MAX UNIT
(pF)
Pulse width
Clock period .
tckp (Minimum CLK + CLK + 200 50 47 57 ns
tis + tcko)
cKH Clock width High CLK + CLK- 200 50 20 25 ns
ok Clock width Low CLK - CLK + 200 50 20 25 ns
Async reset e
Waw | pulse width I+ Ft 1% F% : a5 40 ns
Hold time
Input or feedback ‘
tiy data hold time CLK + Input 200 50 0 (o] ns
Setup time
Input or feedback
tis data setup time I+ F+ CLK + 200 50 25 30 ns
Propagation delay
Delay from input :
tp to active output 1+, Ft Ft 200 50 35 40 ns
Clock High to
tcko output valid CLK + Ft+ 200 50 22 27 ns
access Time
Product term ; i
toe4 egable to outputs I+, F+ F+ ‘:\(::‘tli\(/(:igx S - ;550k 50 35 40 ns
0
Product term
topi2 disable to outputs 14, F4 Ft Ff;%mv\é?_HRR—Z:O 5 35 40 ns
off . N
Pin 11 output
h " From Vo R = .
topz? disable High to OE - F+ _ 5 25 30 ns
outputs off From VoL R = 200
Pin 11 output . .
3 : Active-High R = 1.5k
toez enable to active OE + Ft Active-Low R = 550 50 25 30 ns
output
taRy Async reset delay I+ Ft F+ 35 40 ns
Async reset )
tRa recovery time I, Ft CLK + 25 30 ns
Sync preset
tspR recovery time 1+, Ft CLK + 25 30 ns
PR Power-up reset Vec+ F+ 35 40 ns
Frequency of operation
fuax Maximum frequency | (ts + tcko) 200 [ 50 ] [ 2r ] [ 18 [MHz

NOTES:

1. Refer also to AC Test Conditions. (Test Load Circuit)

2. For 3-State output; output enable times are tested with C_ = 50pF to the 1.5V level, and S; is open for high-impedance to High tests and
closed for high-impedance to Low tests. Output disable times are tested with C . 5pF. High-to-High impedance tests are made to an output
voltage of Vy = (Vo — 0.5V) with S, open, and Low-to-High impedance tests are made to the V1 = (Vg + 0.5V) level with S, closed.

3. Resistor values of 1.5k and 550Q provide 3-State levels of 1.0V and 2.0V, respectively. Output timing measurements are to 1.5V level.
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POWER-UP RESET

In order to facilitate state machine design and
testing, a power-up reset function has been
incorporated in the PLC18V8Z. All internal
registers will reset to Active-Low (logical *0”)
after a specified period of time (tppg).

TIMING DIAGRAMS

Therefore, any OMC that has been
configured as a registered output will always
produce an Active-High on the associated
output pin because of the inverted output
buffer. The internal feedback (Q) of a

registered OMC will also be set Low. The
programmed polarity of OMC will not affect
the Active-High output condition during a
system power-up condition.

CLK

PIN 11 OE

INPUTS
/0, REG. ( VALID INPUT
FEEDBACK

VALID INPUT

45 —e— 4

4

B A N

CKH

REGISTERED
OUTPUTS

L‘_'CKO&

{'002 t'ozz

ickp

W7772222222.
()

3-STATE

NOTE:

ANY INPUT vV
PROGRAMMED FOR //: Z/
DIRECTION CONTROL

+———1tpp
COMBINATORIAL
OUTPUTS

F
(OUTPUTS)

_}7
Vee

L8
{INPUTS)

top1

Switching Waveforms

1.5V

w

Power-Up Reset

tckp

Diagram presupposes that the outputs (F) are enabled. The reset occurs regardless of tha output condition (enabled or disabled).

==

3-STATE
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TIMING DIAGRAMS (Continued)

TARW

ASYNCHRONOUS
RESET INPUT
REGISTERED

OUTPUT

Asynchronous Reset

s tH f tSPR
SYNCHRONOUS
PRESET INPUT
°L°°K____4/—\___/

K
REGISTERED
OUTPUT .

Synchronous Preset

tARD'
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REGISTER PRELOAD FUNCTION
(DIAGNOSTIC MODE ONLY)

In order to facilitate the testing of state
machine/controller designs, a diagnostic
mode register preload feature has been
incorporated into the PLC18V8Z series
device. This feature enables the user to load

the registers with predetermined states while
a super voltage is applied to Pins 11 and 6
(Is/OF and ls). (See diagram for timing and
sequence.)

To read the data out, Pins 11 and 6 must be

returned to normal TTL levels. The outputs,
Fo -7, must be enabled in order to read data

REGISTER PRELOAD (DIAGNOSTIC MODE)

out. The Q outputs of the registers will reflect
data in as input via Fo_ 7 during preload.
Subsequently, the register Q output via the
feedback path will reflect the data in as input
via Fg.-7.

Refer to the voltage waveform for timing and
voltage references. tp_ = 10usec.

12,0V 120V
19/OE
(PIN 11)
5.0V 5.0V
teL ) L tPL L g ter [ OE
\
12.0 ™ '} You)
Is |
(PIN 6) |
5oV |
—————
t
fo/CLK = ™ 4 oL
(PIN1) | N /
1
o I‘—'CKL—"*CK
4 X
Fo_7 -—_—]t PRELOAD DATA IN p PRELOAD DATA OUT DATA OUT Fo_7
Ys —* tH
H-46-8 l1-46-8

September 1, 1989



Philips Components-Signetics Programmable Logic Devices

Product Specification

Zero standby power

universal PAL-type devices

PLC18V8Z Series

LOGIC PROGRAMMING

The PLC18V8Z series is fully supported by
industry standard (JEDEC compatible) PLD
CAD tools, including Signetics AMAZE,

SLICE and SNAP design software packages.

ABEL™ CUPL™ and PALASM® 90 design
software packages also support the
PLC18V8Z architecture.

All packages allow Boolean and state
equation entry formats. SNAP, ABEL and
CUPL also accept, as input, schematic
capture format.

OUTPUT POLARITY - (O, B)

PLC18V8Z logic designs can also be
generated using the program table entry
format, which is detailed on the following
pages. This program table entry format is
supported by AMAZE and SLICE only. Both
AMAZE and SLICE design packages are
available, free of charge, to qualified users.

With Logic programming, the AND/OR/Ex-OR
gate input connections necessary to
implement the desired logic function are
coded directly from logic equations using the

[ AcnvereveL | cope |

[ AcmveLeveL [ cooe |

Program Table. Similarly, various OMC
configurations are implemented by
programming the Architecture Control bits
AC1 and AC2. Note that the configuration cell
is automatically programmed based on the
OMC configuration.

In this table, the logic state of variables |, P
and B associated with each Sum Term S is
assigned a symbol which results in the proper
fusing pattern of corresponding link pairs,
defined as follows:

| vertng? | L ] { NONINVERTING | H |
“AND” ARRAY - (I, B)
1B B LB 1B
1,8 B B N
LB LB 8:] LB
P P P P
[ STATE [ cooe ] [ STATE | cooE 1} [ STATE ] cooe | [ STATE | cope |
|_ponTcare [ - ] L _macwve! T 0 ) [ 1B 1 w1 [ B | v ]

NOTE:

1. Afactory shipped unprogrammed device is configured such that all cells are in a conductive state.

ABEL is atrademark of Data VO Corp.
CUPL is a trademark of Logical Devicss, Inc.
PALASM is a registered trademark of AMD Corp.
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ERASURE CHARACTERISTICS
(For Quartz Window Packages
Only)

The erasure characteristics of the PLC18V82
Series devices are such that erasure begins
to occur upon exposure to light with wave-
lengths shorter than approximately 4000
Angstroms (A). It should be noted that
sunlight and certain types of fluorescent
lighting could erase a typical PLC18V8Z in
approximately three years, while it would take
approximately one week to cause erasure
when exposed to direct sunlight. If the

PROGRAMMING

PLC18V8Z is to be exposed to these types of
lighting conditions for extended periods of
time, opaque labels should be placed over
the window to prevent unintentional erasure.

The recommended erasure procedure for the
PLC18V8Z is exposure to shortwave
ultraviolet light which has a wavelength of
2537 Angstroms (A). The integrated dose
(i.e., UV intensity x exposure time) for
erasure should be a minimum of
15Wsec/cm?. The erasure time with this
dosage is approximately 30 to 35 minutes

using an ultraviolet lamp witha
12,000pW/cm? power rating. The device
should be placed within one inch of the lamp
tubes during erasure. The maximum
integrated dose a CMOS EPLD can be
exposed to without damage is
7258Wsec/cm?). Exposure of these CMOS
EPLDs to high intensity UV light for longer
periods may cause permanent damage.

The maximum number of guaranteed
erase/write cycles is 50. Data retention
exceeds 20 years.

The PLC18V8Z35/1is programmable on conventional programmers for 20-pin PAL devices. Refer to the following charts for qualified manufacturers

of programmers and software tools:

SUNNYVALE, CALIFORNIA 94088-3409

PROGRAMMER MANUFACTURER PROGRAMMER MODEL FAMILY/PINOUT CODES
System 29B, LogicPak™

303A-011A; V09 (DIL)
DATA I/O CORPORATION 303A-011B; V04 (PLCC)
10525 WILLOWS ROAD, N.E. UNISITE 40/48
P.O. BOX 97046 V2.6 (DIL) 86/4F
REDMOND, WASHINGTON 98073-9746 Chipsite (PLCC) — V2.8
(800)247-5700 MODEL 60

360A001 (DIL)

360A006 (PLCC)
STAG MICROSYSTEMS, INC. ZL30/30A PROGRAMMER
1600 WYATT DRIVE : REV. 30A34 (DIL)
SUITE 3 30A001 Adaptor (PLCC) 12/205
SANTA CLARA, CALIFORNIA 95054

PPZ PROGRAMMER
(408)988-1118 TBA
SOFTWARE MANUFACTURER DEVELOPMENT SYSTEM

SIGNETICS COMPANY SNAP
811 EAST ARQUES AVENUE REV. 1.6 AND LATER
P.O. BOX 3409

SLICE
REV. 1.0 AND LATER

FORT LAUDERDALE, FLORIDA 33309
(800)331-7766

(408)991-2000
AMAZE SOFTWARE
REV. 1.8 AND LATER
DATA IO .
10525 WILLOWS ROAD, N.E. ABEL™ SOFTWARE
P.0. BOX 97046
REDMOND, WASHINGTON 98073-9746
(800)247-5700
LOGICAL DEVICES, INC.
1201 NORTHWEST 65TH PLACE CUPL™ SOFTWARE

September 1, 1989

101



Product Specification

Philips Components—Signetics Programmable Logic Devices

Zero standby power

PLC18V8Z Series

Ices
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PROGRAM TABLE
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* THE CONFIGURATION CELL IS AUTOMATICALLY PROGRAMMED BASED ON THE OMC ARCHITECTURE.

**FOR SP, AR: “="1S NOT ALLOWED.
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SNAP RESOURCE SUMMARY DESIGNATIONS

I —{Z

o/CLK B q CONFIG,
DINVE . 1o NP
EEMNVQ’EE
* — “CKEVS:
[
> 9
2 2 D SNOUTVE:
2 _E é 5 omcH >o—+—Fs
: S8 —H,
g s ° ten
) g % D NOUTVS:
n {3 § i omc [->> F
g :{,ki
E ;

o [3

" CONAG.
CELL JF 19/0E

*@M

%,

FROM AND

DIRECTION CONTROL TERM

F————————— —_

ARRAY

‘ TO ALL OMCs

sP
AR

v DEFVE:
ARRAY
I 1 output a
= POLARITY |—cik
| CONTROL !
! —
| 1 L
| ) I
| : b
| 1 i
<+ b
| ' N
| o
| H H
e SR
NOTE: | K
#» Denotes a programmable cell location. \ ] Yy
TO ALL OMCs
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DESCRIPTION
The 10H20EV8/10020EV8 is an ultra
high-speed universal ECL PAL®-type
device. Combining versatile output
macrocells with a standard AND/OR

" single programmable array, this device
is ideal in implementing a user's custom
logic. The use of Signetics state-of-
the-art bipolar oxide isolation process
enables the 10H20EV8/10020EV8 to
achieve optimum speed in any design.
The AMAZE design software package
from Signetics simplifies design entry
based upon Boolean or state equations.

The 10H20EV8/10020EV8 is a two-level
logic element comprised of 11 fixed
inputs, an input pin that can either be
used as a clock or 12th input, 90 AND
gates, and 8 Output Logic Macrocells.
Each Output Macrocell can be
individually configured as a dedicated
input, dedicated output with polarity
control, a bidirectional 1/O, or as a
registered output that has both output
polarity control and feedback to the AND
array. This gives the part the capability
of having up to 20 inputs and eight
outputs.

The 10H20EV8/10020EV8 has a
variable number of product terms that
can be OR'd per output. Four of the
outputs have 12 AND terms available
and the other four have 8 terms per -
output. This allows the designer the
extra flexibility to implement those
functions that he couldn't in a standard
PAL device. Asynchronous Preset and
Reset product terms are also included
for system design ease. Each output
has a separate output enable product
term. Another feature added for the
system designer is a power-up Reset on
all registered outputs.

10H20EVS8 / 10020EV8

ECL programmable array logic

The 10H20EV8/10020EV8 also features
the ability to Preload the registers to any
desired state during testing. The Preload
is not affected by the pattern within the
device, so can be performed at any step
in the testing sequence. This permits full
logical verification even after the device
has been patterned.

FEATURES
® Ultra high speed ECL device
~ tpp = 4.5ns (max)
- tis = 2.7ns (max)
- tcko = 2.2ns (max)
- 'MAX = 208MHz
® Universal ECL Programmable Array
Logic
~ 8 user programmable output
macrocells
~ Upto 20 inputs and 8 outputs
— Individual user programmable
output polarity
® Variable product term distribution
allows increased design capability
® Asynchronous Preset and Reset
capability
® 10KH and 100K options
® Power-up Reset and Preload function
to enhance state machine design and
testing

® Design support provided via AMAZE
and other CAD tools

® Security fuse for preventing design
duplication

® Available in 24-Pin 300mil-wide DIP
and 28-Pin PLCC.

®PAL is a registered trademark of Monolithic Mernories, Inc., a wholly owned subsidiary of Advanced Micro Devices, Inc.
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PIN CONFIGURATIONS
F Package

1 [0 [24] vee
12 (2] 123] 14

ey 3] [22] 1o
F1 [4] [21] Fg
F, (5] [20] F

Veor [€] 19] Vcor

£ [7] 18] Fe
Fy 8] Fs
13 (3] [16] Ig
14 [19] [15] 1g
15 11} 4] 17

vee [1Z

F = Ceramic DiP {300mil-wide)

A Package
CLKMz l2 11 NCVcg iy ho
[3] [3] [2] [7] e8] P27} oe]
o . 2 F
F2 (€] 29 7
veor [7] 23] veor
N [8] 22] NC
F3 [9] 21] Fg
Fa [i9 20] s
13 [11] 19]15
FEWEE

lg Is VEg NC 15 17 1g
A = Plastic Leaded Chip Carrier
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LOGIC DIAGRAM
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g]———_— CELL
Y

iKY,

]

8
D@!_g
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NOTES:

1. All unprogrammed or virgin “AND™ gate locations are putled to logic 0"
2. ¢ Programmable connections

3. Pinout for F Package
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FUNCTIONAL DIAGRAM

CLKA

5
i

PROGRAMMABLE AND ARRAY
(90 x 40)
12 12 8 8 8 8 12 12
‘% ) ‘? ‘? %
RESET| OUTPUT outPuT {7 outpur ‘] output [ outeur [T] ourtpur outpuT [77] outpuT
LoGic | togic P Loaic | LoGic Lo [ Locic [P Locic | LOGIC PRESET
MACROCELL} 1| MACROCELL|{ | MACROCELL} | | MACROCELL]-1-] MACROCELL|{{ MACROCELL} 1 { MACROCELL}—! § MACROCELL]
F F F F F F F
FUNCTIONAL DESCRIPTION As can be seen in the Logic Diagram, the The device also features 90 product terms.

The 10H20EV8/10020EV8 is an ultra
high-speed universal ECL PAL-type device.
Combining versatile Output Macrocells with a
standard AND/OR single programmable
array, this device is ideal in implementing a
user's custom logic.

device is a two-level logic element with a
programmable AND array. The 20EV8 can
have up to 20 inputs and 8 outputs. Each
output has a versatile Macrocell whereby the
output can either be configured as a
dedicated input, a dedicated combinatorial
output with polarity control, a bidirectional I/O,
or as a registered output that has both output
polarity control and feedback into the AND

array.
Fn
: all
OUTPUT
SELECT
MUX
S
! - b vee
. FEEDBACK|
]
A\ ]
Figure 1. Output Logic Macrocell
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Two of the product terms can be used for a
global asynchronous preset and/or reset.
Eight of the product terms can be used for
individual output enable control of each
Macrocell. The other 80 product terms are
distributed among the outputs. Four of the
outputs have eight product terms, while the
other four have 12. This arrangement aflows
the utmost in flexibility when implementing
user patterns.

Output Logic Macrocell

The 10H20EV8/10020EV8 incorporates an
extremely versatile Output Logic Macrocell
that allows the user complete flexibility when
configuring outputs.

As seen in Figure 1, the 10H20EV8/
10020EV8 Output Logic Macrocell consists of
an edge-triggered D-type flip-flop, an output
select MUX, and a feedback select MUX.
Fuses Sy and S, allow the user to select
between the various cells. Sy controls whether
the output will be either registered with
internal feedback or combinatorial I/0. Sy
controls the polarity of the output (Active-
HIGH or Active-LOW). This allows the user to
achieve the following configurations:
Registered Active-HIGH output, Registered
Active-LOW output, Combinatorial Active-
HIGH output, and Combinatorial Active-LOW
output. With the output enable product term,
this list can be extended by adding the
configurations of a Combinatorial I/O with
Polarity or another input.
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ORDERING INFORMATION

DESCRIPTION ORDER CODE

10H20EV8-6F

24-Pin Ceramic Dual In-Line 10H20EV8—4F
(300mil-wide) 10020EV8-6F
10020EV8-4F

10H20EV8-6A

28-Pin Plastic Leaded Chip Carrier 11%2585\\/13:22
10020EV8—4A

ABSOLUTE MAXIMUM RATINGS?

SYMBOL PARAMETER RATING UNIT
Vee Supply voltage (Vcc = 0) -8 Ve
Vin Input voltage (Ve = 0) 0to Vee Voe
lo Qutput source current 40 mApc
Tamo Operating Temperature range %ttg :é?; ((11?)}3&; °C
Tsig Storage Temperature range 5510 +150 °C

NOTE:

1. Stresses above those listed may cause malfunction or permanent damage to the device. This
is a stress rating only. Functional operation at these or any other condition above those
indicated in the operational and programming specification of the device is not implied.

OPERATING RANGES
RATINGS
DEVICE | SYMBOL PARAMETER MIN MAX UNIT
10H20EV8 | Vee Supply voltage -5.46 | 4.94 Voc
Tamb Operating free-air temperature 0 +75 °C
10020EV8 Vee Supply voltage —48 42 Voc
Tamb Operating free-air temperature 0 +85 °C
107
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Registered Active-HIGH

Combinatorial Active-HIGH

Figure 2. Output Macro Cell Configurations

Reglstered Active-LOW

/=

Combinatorial Active-LOW

OUTPUT MACRO CELL
CONFIGURATION

Shown in Figure 2 are the four possible
configurations of the output macrocell using
fuses Sg and S;. As seen, the output can
either be registered Active-HIGH/LOW with
feedback or combinatorial Active-HIGH/LOW
with feedback. If the registered mode is
chosen, the feedback is from the Q output to
the AND array enables one to make state
machines or shift registers without having to
tie the output to one of the inputs. If a
combinatorial output is chosen, the feedback
gate is enabled from the pin and allows one
to create permanent outputs, permanent
inputs, or /0 pins through the use of the
output enable (D) product term.

OUTPUT ENABLE

Each output on the 10H20EV8/10020EV8
has its own individual product term for output
enable. The use of the D product term
(direction control) allows the user three
possible configurations of the outputs. They
are always enabled, always disabled, and
controlled by a programmed pattern. A HIGH
on the D term enables the output, while a
LOW performs the disable function. Output
enable control can be achieved by
programming a pattern on the D term.

The output enable control can also be used to
expand a designer’s possibilities once a
combinatorial output has been chosen. If the
D term is always HIGH, the pin becomes a
permanent Active-HIGH/LOW output. If the

April 17, 1990

D term is always LOW (all fuses left intact),
the pin now becomes an extra input.

PRESET AND RESET

The 10H20EV8/10020EV8 also includes a
separate product term for asynchronous
Preset and asynchronous Reset. These lines
are common for all registers and are asserted
when the specific product term goes HIGH.
Being asynchronous, they are independent of
the clock. It should be noted that the actual
state of the output is dependent on how the
polarity of the particular output has been
chosen. If the outputs are a mix of
Active-HIGH and Active-LOW, a Preset signal
will force the Active-HIGH outputs HIGH
while the Active-LOW outputs would go LOW,
even though the Q output of all flip-flops
would go HIGH. A Reset signal would force
the opposite conditions.

PRELOAD

To simplify testing, the 10H20EV8/10020EV8
has also included PRELOAD circuitry. This
allows a user to load any particular data
desired into the registers regardiess of the
programmed pattern. This means that the
PRELOAD can be done on a blank part and
after that same part has been programmed to
facilitate any post-fuse testing desired.

It can also be used by a designer to help
debug his/her circuit. This could be important
if a state machine was implemented in the
10H20EV8/ 10020EV8. The PRELOAD
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would allow a designer to enter any state in
the sequence desired and start clocking from
that particular point. Any or all transitions
could be verified.

AMAZE

The AMAZE PLD Design Software
development system also supports the
10H20EV8/10020EV8. AMAZE provides the
following capabilities for the 10H20EV8/
10020EV8:

® State equation entry

® Boolean equation entry

® Logic and timing simulation

® Automatic test vector generation

AMAZE operates on an IBM PC/XT, PC/AT,
PS/2, or any compatible system with DOS
2.0 or higher. The minimum system
configuration for AMAZE is 640K bytes of
RAM and a hard disk.

AMAZE compiles the design after completion
for syntax and completeness. Programming
data is generated in JEDEC format.

DESIGN SECURITY

The 10H20EV8/10020EV8 has a
programmable security fuse that controls the
access to the data programmed in the device.
By using this programmable feature,
proprietary designs implemented in the
device cannot be copied or retrieved.
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DC ELECTRICAL CHARACTERISTICS
10H20EV8:0°C < Tamp < +75°C, Ve = —5.2V + 5%, Vec = Veor = Voo = GND
10020EV8: 0°C < Tamp < +85°C, —4.8V < Vee < —4.2V, Voo = Veos = Veoz = GND

LIMITS
SYMBOL PARAMETER! TEST CONDITIONS? Tamb MIN MAX UNITS
Von High level output voltage ViN = Viy MAX or V. MIN 0°C -1020 -840
10KH +25°C -980 -810 mV
+78°C -g20 -735
100K [ 0°Cto85°C | ~1025 | -880 mV
Vour High level output threshold voltage | Viy = Vi MAX or Vi MIN 100K | 0°Cto 85°C | —1035 mV
VoL Low level output voltage Vin = Viy MAX or Vi MIN 0°C -1950 | -1630
10KH +25°C -1950 | -1630 mV
+75°C -1950 | -1600
100K | 0°Cto 85°C | —-1810 | —1620 mV
Vour Low level output threshold voltage Vin = Viy MAX or VL MIN 100K | 0°C to 85°C -1610 mV
Viy High level input voltage Guaranteed input voltage 0°C -1170 | -840
high for all inputs 10KH +25°C -1130 | -810 mV
+75°C -1070 ~735
100K | 0°Cto 85°C | -1165 -880 mV
ViL Low level input voltage Guaranteed input voltage 0°C —1950 | —1480
low for all inputs 10KH +25°C -1950 | —-1480 mV
+75°C -1980 | -1450
100K | 0°Cto 85°C | —1810 | —1475 mV
™ High level input current Vin = Vi MAX 10KH 0°C
+75°C 220 HA
100K | 0°C to 85°C
'S Low level input current Vin = ViL MIN 0°C
Except I/O Pins 10KH +75°C 0.3 RA
100K | 0°C to 85°C 0.5
lee Supply current Vee = MAX 10KH | 0°C to 75°C
All inputs and outputs open -230 mA
100K | 0°C to 85°C
NOTES:

1. All voltage measurements are referenced to the ground terminal.

2. Each ECL 10KH/100K series device has been designed to meet the DC specification after thermal equilibrium has been established. The
circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 (150 meters) linear fpm is maintained.
Voltage levels will shift approximately 4mV with an air flow of 200 linear fpm. Outputs are terminated through a 50Q resistor to —2V.

3. Terminals not specifically referenced can be left electrically open. Open inputs assume a logic LOW state. Any unused pins can be termi-
nated to ~2V. If tied to Vg, it must be through a resistor > 10K.
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ACTEST CIRCUIT
+2.0V +0.010V
250F L L oawF
= 10uF 10uF =
PULSE i
GENERATOR : y E e ﬂ
le— L — L Veor Vec Veoz L
SCOPE o o——1 SCOPE
\_/ 1
Ry ; TPIN [ Fx ! >
L oLl oo |
= O——*1 CLKA
12 Ey .
O—I—-b Fm
|
o—l+
0.014F
-2.5V 4 0.010V FOR 10020EV8
-3.2V £ 0.010V FOR 10H20EV8

NOTES:

1. Use decoupling capacitors of 0.1pF and 25pF from GND to Vg, and 0.01pF and 25uF from GND to Vgg (0.01 and 0.1pF capacitors
should be NPO Ceramic or MLC ty ‘pe) Decoupling capacitors should be placed as close as physically possible to the DUT and lead
length should be kept to less than '/, inch (6mm).

2. Allunused inputs should be connected to either HIGH or LOW state consistent with the LOGIC function required.

3. All unused outputs are loaded with 50Q to GND.

4. L and L are equal length 50Q impedance lines. Li,, the distance from the DUT pin to the junction of the cable from the Pulse Genera-
tor and the cable to the Scope, should not exceed /4 inch (6mm).

5. Ry =50Q terminator internal to Scope.

6. The unmatched wire stub between coaxial cable and pins under test must be less than '/, inch (6mm) long for proper test.

7. C = Fixture and stray capacitance < 3pF.

8. Any unterminated stubs connected anywhere along the transmission line between the Pulse Generator and the DUT or between the
DUT and the Scope should not exceed 1/, inch (6mm) in length (refer to section on AC setup prooedure)

9. All 50Q resistors should have tolerance of + 1% or better.

10. Test procedures are shown for only one input or set of input conditions. Other inputs are tesled in the same manner.

11. Two 10uF capacitors between Vcc and Veoy and Voo respectively located as close to the device as possible is recommended to
reduce ringing.

12. Normal practice in test fixtures layout should be followed. Lead lengths, particular to the power supply, should be as short as possible.

April 17, 1990
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VOLTAGE WAVEFORMS
— [+ ] l‘—
+1110mV (10H20EVS)
+1050mV (10020EV8)
NEGATIVE 80% 80%
PULSE 50% 50%
20% 20%
I +310mV
twil) >
w | +1110mV (10H20EV8)
+1050mV (10020EV8)
POSITIVE 80% 80%
PULSE

50%
20%

50%
20%
+310mV
'—’I < 1t7LH tTHL—> “;

INPUT PULSE REQUIREMENTS
Vee = Voot = Vo2 = +2.0V $0.010V, VEE = -3.2V £ 0.010V, V1 = GND (0V)
FAMILY AMPUTUDE | REP RATE | PULSE WIDTH ] THL
10KH ECL |  800mVp_p 1MHz 500ns 1.3+ 02ns | 1.3+02ns
INPUT PULSE REQUIREMENTS
Ve = Voot = Yooz = +2.0V $0.010V, VEE = ~2.5V 4 0.010V, V1 = GND (0V)
FAMILY AMPUTUDE | REP RATE | PULSE WIDTH TLH THL
100K ECL | 740mVp_p 1MHz 500ns 0.7+0.1ns | 0.7+0.1ns

Input Pulse Definition
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AC ELECTRICAL CHARACTERISTICS
10H20EV8:0°C < Tamp < +75°C, Veg = 5.2V + 5%, Ve = Voot = Veoz = GND
10020EV8: 0°C < Tamp < +85°C, —4.8V < Ve < —4.2V, Ve = Voo = Yooz = GND
LIMITS
SYMBOL PARAMETER FROM T0 CONDITIONS? -5 UNIT
MIN MAX MIN MAX
Pulse Width
tekn Clock High CLK + CLK- 2 3 ns
texL Clock Low CLK - CLK + 3 ns
tokp Clock Period CLK + CLK + 4 6 ns
tPRH Preset/Reset Pulse (LVO) £ (l. VO) + 45 6 ns
Setup and Hold Time
tis Input (i, /0) = CLK + 27 4 ns
tH input CLK + (L Vo) £ 0 0 ns
ths S s et (1, V0) £ CLK + 45 6 ns
Propagation Delay
trp Input (1, /0) lloF3 45 6 ns
teko Clock CLK + o+ 22 3 ns
toe Output Enable (L, 10o)+ v 110 6 ns
ton Output Disable (I, 10y 110 6 ns
tero Preset/Reset (I, /0y lleF3 4.5 6 ns
tppR Power—on Reset Vee /o 10 ns
NOTES:
1. Refer to AC Test Circuit and Voltage Wafeforms diagrams.
\
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TIMING DIAGRAMS

I, 10
w Y A

L

4s

CLK

10
(REGISTERED
OUTPUT)

tpp

0
(COMBINATORIAL
OUTPUT)

Flip-Flop and Gate Outputs

VEE =-4.94 10H20EV8
VEE = 4.2 10020EV8

VEE
< tppR

REGISTERED
ACTIVE-LOW
OUTPUT

1,10
(INPUT)

N A

Power-On Reset
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TIMING DIAGRAMS (Continued)

1,10
(INPUT) 50% 50%
top - oE >
10
(OUTPUT) 0% so%
Qutput Enable/Disable
50%
CLK
<¢——1ppg —»|
ASYNCHRONOUS / \
PRESET/RESET / 0% : K%
tPRH
<+ tppo——"
110
(OUTPUT) 50%
Asynchronous Preset/Reset
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REGISTER PRELOAD

The 10H20EV8/10020EV8 has included
circuitry that allows a user to load data into
the output registers. Register PRELOAD can
be done at any time and is not dependent on
any particular pattern programmed into the
device. This simplifies the ability to fully verify
logic states and sequences even after the
device has been patterned.

The pin levels and sequence necessary to
perform the register PRELOAD are shown
below.

ViH

PIN3

Vep
PIN23

N

VoH ViH
OUTPUTS
VoL ){u.

T ]

DISABLE OUTPUTS APPLY EXTERNAL  DATA PRELOADED  REMOVE EXTERNAL
ENABLE PRELOAD INPUTS TO BE AND PRELOAD  INPUTS
PRELOADED - DISABLED
LIMITS
SYMBOL PARAMETER MIN TYP MAX UNIT
Input HIGH level during
Vin PRELOAD and Verify -1 | 09 | -07 v
Input LOW level during
Vi PRELOAD and Verify -185 | 165 | 145 |V
PRELOAD enable voltage
Vpp applied to Iy 1.45 16 1.75 \
NOTE:
1. Unused inputs should be handled as follows:
—Setat Viyor VL
- Terminated to -2V
— Tied to Ve through a resistor > 10K
—Open
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LOGIC PROGRAMMING All packages allow Boolean and state AMAZE and SLICE only. Both AMAZE and
The 10H20EV8/10020EV8 is fully supported equation entry formats. SNAP, ABEL and SLICE are available, free of charge, to
by industry standard (JEDEC compatible) CUPL also accept, as input, schematic qualified users.

PLD CAD tools, including Signetics AMAZE, ~ capture format. To implement the desired logic functions, the

SLICE and SNAP design software packages.  10H20EV8/10020EV8 logic designs can also  state of each logic variable from logic
ABEL™ CUPL™ and PALASM® 90 design be generated using the program table entry equations (I, F, Q, etc.) is assigned a symbol.
software packages also support the format detailed on the following page. This The symbols for TRUE, COMPLEMENT,
10H20EV8/10020EVE. program table entry format is supported by INACTIVE, PRESET, etc., are defined below.

“AND” ARRAY - (1), (F), (Qy)
— L,F,Q F—LFQ — LF, _ — LFQ
|,F.6c>———|é u,ao——[é: LFQ o—'é I,F.OO—Ié
iFa —1.Fa — 1F, — 1,FQ

Y Y Y

o ol

P, D, AP, AR P, D, AP, AR P, D, AP, AR P, D, AP, AR
s Jcooe] s JoonE] e Joone] s obe]
hircmven? | o | TSN I T [“vowroaRe | - |

NOTES:
1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates.
2. Any gate (P, D, AP, AR) will be unconditionally inhibited if any one of the |, F or Q link pairs is left intact.

OUTPUT MACROCELL CONFIGURATIONS

OUTPUT MACROCELL CONFIGURATION | CONTROLWORD | oo ppiTy FusE

Registered Output, Active-HIGH D H

Registered Output, Active—LOW p' L

Combinatorial 1/0, Active—HIGH B H

Combinatorial I/0, Acitve-LOW B L
NOTES:

1. This is the initial (unprogrammed) state of the device.

ABEL Is a trademark of Data 'O Corp.
CUPL s a trademark of Logical Devices, Inc.
PALASM is a registered trademark of AMD Corp.
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10H20EV8 / 10020EV8

F(0)
8f7[6|s5]4f3]2

OR (FIXED)

POLARITY

1

CONTROL WORD

817[(6(5|4(3 )2
21({20|18{17|8 |7 {54

1
1

AND

12fnfwofofsf7]6[5Taf3]2

ECL programmable array logic

PIN |13 [23[22|16[15[14{13[(11}10]{ 9 {2

T
E
R
L
AR

Philips Components—Signetics Programmable Logic Devices

PROGRAM TABLE

JAVN
FT8VIHVA

17
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SNAP RESOURCE SUMMARY DESIGNATIONS

cLKA
FCKEVE: ?
1 1
~N

# Nﬂﬂaﬂ DINEVS:

ZNINEVE: | |:DINEVE:

PROGRAMMABLE AND ARRAY B
(90 x 40) SAND
Bl
] 12
:§§
Bz
OR: {08
OUTPUT OUTPUT OUTPUT oUTPUT OUTPUT OUTPUT OUTPUT
T, LOGIC LOGIC LOGIC LOGIC r LOGIC > LOGIC > LOGIC PRESEN
: | MACROCELL MACROCELL| 1 | MAcROCELL] | IMACROCELL|{.| MACROCELL] |-]MACROCELL] | | maCROCELL
OUTEVS: HOUTEVS: TAVIEVE: QUTEVE: OUTEYS: QUTEVS:
F F F F F F F
AP
. 1 SOUMDIRS
H D Q
SOLMREG:
CLK—L a
T .
AR FOLMINY:
FEEDBACK|
s
Vee u
Output Logic Macrocell
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Programmable Logic Devices

FEATURES
© Ultra high-speed
—tpp = 5ns and fyax = 118MHz

® 100% functionally and pin-for-pin
compatible with industry standard
24-pin PAL ICs

@ Power-up reset function to enhance
state machine design and testability

® Design support provided via AMAZE
and other CAD tools for Series 24 PAL
devices

® Field-programmable on industry
standard programmers

® Security fuse

® Individual 3-State control of all outputs
® Register preload for testability

® Power-up 3-State

® 24-Pin DIP and 28-Pin PLCC

PLQ20R8-5 Series

PAL®-type devices

20L8, 20R8, 20R6, 20R4

DESCRIPTION

The Signetics PLQ20XX family consists
of ultra high-speed 5ns versions of
Series 24 PAL devices.

The PLQ20XX family is 100% functional
and pin-compatible with the 20L8, 20R8,
20R6, and 20R4 Series devices.

The sum of products (AND-OR)
architecture is comprised of 64 AND
gates and 8 fixed OR gates. Multiple
bidirectional pins provide variable
input/output pin ratios. Individual 3-State
control of all outputs and registers with
feedback (R8, R6, R4) is also provided.
Propristary designs can be protected by
programming the security fuse.

The PLQ20RS, R6, and R4 have D-type
flip-flops which are loaded on the
Low-to-High transition of the clock input.

In order to facilitate state machine
design and testing, a power-up reset
function has been incorporated into
these devices to reset all internal
registers to active-Low after a specific
period of time.

The Signetics State-of-the-Art BICMOS
process, known as QUBIC, has been

employed to achieve higher levels of
operating performance for the PLQ20XX
family of PLDs. The QUBIC transistors
have been optimized to provide
two-thirds more speed at less than half
the power consumed from products
using our last generation of bipolar
technology. QUBIC reduces on-chip
delays and provides high output drive
currents while consuming power at very
low levels.

The PLQ20XX family of devices are field
programmable, enabling the user to
quickly generate custom patterns using
standard programming equipment. See
the programmer chart for qualified
programmers.

The AMAZE software package from
Signetics supports easy design entry for
the PLQ20XX series as well as other
PLD devices from Signetics. The
PLQ20XX series are also supported by
other standard CAD tools for PAL-type
devices.

Order codes are listed in the Ordering
Information table.

DEVICE NUMBER DEDICATED COMBINATORIAL REGISTERED
INPUTS OUTPUTS OUTPUTS
PLQ20LS 14 8 (6 1/0) 0
PLQ20R8 12 0 8
PLQ20R6 12 210 6
PLQ20R4 12 410 4

®PAL Is a registered trademark of Monolithic Memories, Inc.,

a wholly owned subsidiary of Advanced Micro Devicss, Inc.

119



Philips Components—Signetics Programmable Logic Devices Preliminary Specification

PAL-type devices ~ ]
20L8, 20R8, 20R6, 20R4 PLQ20R8-5 Series

PIN CONFIGURATIONS
PLQ20L8 PLQ20R8
-/ W/
o 'I————] 24 | Vee CLK| 1 |—P— 24 | Ve

I E~ 23 | I3 o] 2 [ 23 | Iy
"2E— S— S 7Y W3
GH = | | [
W[ H
|5E~ 19 | By g 6
TH § F={els | | «OH
EH e | | B e
Ty
g

T

22|Qy

21| Qg

3
|

&-E Qs
3"—"__31 Q4
B8] 0y
|
. |
B
L

I

20 | Bs

AND/OR ARRAY
T

AND/OR ARRAY

17|,

16 | 0y

I o T == i P O i R

|,,|10—  I—— W pry AR = H 15 qp
o [ 11 | 14 {145 o | 11 14 {159
GND | 12 13 | 1yy GND [ 12 13 | OE
PLQ20LS8 PLQ20R8
2 I lo NCVeelys O7 11 lo CLKNCVccly Q7
4l]3]12]]1][28][27][26
i3 [5 O |—25] B4
I [ vo[—24] Bs
15 [7 voi—23] B4
AND/OR
Nc [8 ARRAY | OUTPUTS 10 j@ NC
15 [9 vol—21] B3
17 [19 vo[—20] B,
g ——) o ()
1 11 — 1
52 ) | 5 |
Ig 1;0GNDNC 149 132 O Ig g GNDNC DE 149 Qo
SYMBOL  DESCRIPTION SYMBOL  DESCRIPTION
} Dedicated Input 1 Dedicated Input
[o] Dedicated combinatorial Output o Dedicated combinatorial Output
Q Registered output Q Registered output
B Bidirectional (input/output) B Bidirectional (input/output)
CLK Clock input CLK Clock input
OE Output Enable OE Output Enable
Vec Supply Voltage Vee Supply Voltage
GND Ground GND Ground
NC No Connection NC No Connection
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20L8, 20R8, 20R6, 20R4

PLQ20R8-5 Series

PIN CONFIGURATIONS
PLQ20R6 PLQ20R4
o/ _/
CLKE———-D—a 24 | vee ok 1 f—p— 24 | vee
IOE— 23 | iy o] 2 23 | 1y
WGH [—{=]s n[3] 31 15)s,
I E—— —3-—— 21| g [ a I 21 | Bg
Is E- % :3.,_ 20 ] a5 1[5 H -3»— 20| as
s E— g :3-:— 19 ] g k[s § :$.,_ 19 | of
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1g | 10 | j: 1 15 | By ig| 10 j: 1 15 | By
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GND| 12 L<t—] 13 |OE GND | 12 L<g—] 13 | OE
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15 (i} 0] o, 20] 0,
17 [1] 19] o 19) B,

I3 lg GNDNC OE 139 Bgy

Ig lp GNDNC OE lyg By

SYMBOL  DESCRIPTION SYMBOL  DESCRIPTION
I Dedicated Input ! Dedicated Input
[o] Dedicated combinatorial Output o] Dedicated combinatorial Output
Q Reglstered output Q Registered output
B Bidirectional (input/output) B Bidirectional (input/output)
CLK Ciock input CLK Clock input
OE Output Enable OE Output Enable
Vee Supply Voltage Vee Supply Voltage
GND Ground GND Ground
NC No Connection NC No Connection
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PAL-type devices ]
20L8, 20R8, 20R6, 20R4 PLQ20R8-5 Series

LOGIC DIAGRAM PLQ20L8
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INPUTS (0-39)

NOTES:
1. All unprogrammed or virgin "AND" gate locations are pulled to logic *0”.
2. ¢ Programmable connections.
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PAL-type devices : ]
20L8, 20R8, 20R6, 20R4 PLQ20R8-5 Series

LOGIC DIAGRAM PLQ20R8

cix [1]

. *e7 8= 120215 16+ 219 20+ 23 24+ +27 28+ +31 32-:35 36+ .+

%
|

1

o
=]
|

b

i

Qe

?I
L:
IS

2

o
[=]
|

Qs

G

(=]
)
l
%
I
2

e

PRODUCT TERMS (0-63)

)

|
L
&

G

o
o
|
Y
£

G

o

o

|
I_[
B

Q

G

i

fe &

S

ho
Dev3 4ce7 Boolt 120415 160210 200 +23 24e 27 2B+ +31 32+ +35 36+ +30
INPUTS (0-39)

NOTES:
1. All unprogrammed or virgin "AND" gate locations are pulled to logic *C".
Programmable connections.
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PAL-type devices

20L8, 20R8, 20R6, 20R4 PLQ20R8-5 Series

LOGIC DIAGRAM PLQ20R6
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INPUTS (0-39)
NOTES:
1. All unprogrammed or virgin *AND" gate locations are pulied to logic “0".
2. Programmable connections.
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PAL-type devices
20L8, 20R8, 20R6, 20R4

PL020R8—5 Series

LOGIC DIAGRAM

PLQ20R4
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NOTES:
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INPUTS (0-39)

1. All unprogrammed or virgin *AND" gate locations are pulled to logic 0"
. Programmable connections.
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PAL-type devices

20L8, 20R8, 20R6, 20R4

PLQ20R8-5 Seties

FUNCTIONAL DESCRIPTIONS

The PLQ20XX series utilizes the familiar
sum-of-products implementation consisting of
a programmable AND array and a fixed OR
array. These devices are capable of replacing
an equivalent of four or more SSI/MS!
integrated circuits to reduce package count
and board area occupancy, consequently
improving reliability and design cycle over
Standard Cell or gate array options. By
programming the security fuse, proprietary
designs can be protected from duplication.

The PLQ20XX series consists of four
PAL-type devices. Depending on the
particular device type, there are a variable
number of combinatorial and registered
outputs available to the designer. The
PLQ20L8 is a combinatorial part with 8 user
configurable outputs (6 bidirectional), while
the other three devices, PLQ20RS,
PLQ20R6, PLQ20R4, have respectively 8, 6,
and 4 output registers.

3-State Outputs

The PLQ20XX series devices also feature
3-State output buffers on each output pin
which can be programmed for individual
control of all outputs. The registered outputs
(Qn) are controlled by an external input
(/OE), and the combinatorial outputs (On, Bn)
use a product term to control the enable
function.

AND ARRAY - (I, B)

Programmable Bidirectional Pins
The PLQ20XX products feature variable
Input/Qutput ratios. In addition to 12
dedicated inputs, each combinatorial output
pin of the registered devices can be
individually programmed as an input or
output. The PLQ20L8 provides 14 dedicated
inputs and 6 Bidirectional I/O lines that can
be individually configured as inputs or
outputs.

Output Registers

The PLQ20RS8 has 8 output registers, the
20R6 has 6, and the 20R4 has 4. Each
output register is a D-type flip-flop which is
loaded on the Low-to-High transition of the
clock input. These output registers are
capable of feeding the outputs of the
registers back into the array to facilitate
design of synchronous state machines.

Power-up Reset

By resetting all flip-flops to a logic Low, as the
power is turned on, the PLQ20R8, R6, R4
enhance state machine design and
initialization capability.

Register Preload

Preload function allows the register to be
loaded from the output pins. This feature
allows functional testing of sequential
patterns by loading output states.

Power-up 3-State
All outputs will be disabled when Vgg is 3.0V £

20% (25°C). This special feature keeps outputs
3-Stated during power-up. Only when Vcc
reaches its normal operating range will device
function normally.

Software Support

Like other Programmable Logic Devices from
Signetics, the PLQ20XX series are supported
by AMAZE, the PC-based software
development too! from Signetics. The
PLQ20XX family of devices are also
supported by standard CAD tools for PAL
devices, including ABEL and CUPL.

AMAZE is available free of charge to qualified
users,

Logic Programming

The PLQ20XX series is fully supported by
industry standard (JEDEC compatible) PLD
CAD tools, including Signetics AMAZE,
SLICE and SNAP design software packages.
ABEL™ CUPL™ and PALASM® 90 design
software packages also support the
PLQ20XX architecture.

All packages allow Boolean and state
equation entry formats. SNAP, ABEL and
CUPL also accept, as input, schematic
capture format.

s [ cooe]
macmverz | o |

i T

s cone] [
e ]

—

STATE

STATE

~ [ copE ]

[ W] [ B

["coE | [
| U

] | DONTCARE |

-

VIRGIN STATE

A factory shipped virgin device contains all
fusible links intact, such that:
1. All P, terms are disabled.

2. All P, terms are active on all outputs.

ABEL is atrademark of Data VO Corp.
CUPL is a trademark of Logical Devices, Inc.
PALASM is a registered trademark of AMD Corp.
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PAL-type devices PLQ20R8-5 Series
20L8, 20R8, 20R6, 20R4
ORDERING INFORMATION THERMAL RATINGS
DESCRIPTION ORDER CODE TEMPERATURE
PLQ20R8-5N Maximum junction 150°C
24-Pin Plastic Dual-In-Line PLQ20R6-5N Maxi bi -
300mil-wide : PLQ20R4-5N aximum ambient 75°C
PLQ20L8-SN Allowable thermal rise
PLQ20R8-5A ambient to junction 75°C
28-Pin Plastic Leaded Chip Carrier (PLCC) AT
PLQ20L8-5A
NOTE:

The PLQ20XX series of devices are also processed to military requirements for operation over the
military temperature range. For specifications and ordering information, consult the Signetics
Military Data Book.

ABSOLUTE MAXIMUM RATINGS!

RATINGS

SYMBOL PARAMETER MIN MAX UNIT
Vee Supply voltage -0.5 +7.0 Voc
ViN Input voltage -1.2 +7.0 Ve
Vout Qutput voltage +55 Voc
In Input currents -30 +30 mA
lout Output currents +100 mA
Teyg Storage temperature range —65 +150 °C

NOTE:

1. Stresses above those listed may cause malfunction or permanent damage to the device. This
is a stress rating only. Functional operation at these or any other condition above those
indicated in the operational and programming specification of the device is not implied.

OPERATING RANGES
RATINGS
SYMBOL PARAMETER MIN MAX UNIT
Vee Supply voltage +4.75 +5.25 Voc
Tamb Operating free-air temperature 0 +75 °C
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PAL-type devices ]
20L8, 20R8, 20R6, 20R4 PLQ20R8-5 Series

DC ELECTRICAL CHARACTERISTICS
0°C < Tamp < +75°C, 4.75 < Vg <5.25V

LIMITS
SYMBOL PARAMETER TEST CONDITIONS MIN l TYP? I MAX UNIT
Input voltage?
V]L Low Vcc =MIN 0.8 \
Viy High Vee = MAX 20 \
Vic Clamp Vce = MIN, Iy = -18mA -0.8 -1.5 v
Output voltage
Vee = MIN, Viy = Viyor Vi
VoL Low loL = 24mA 0.5 v
Vo High lon =—3.2mA 2.4 \
Input current
Vee = MAX )
I Low3 . Vin=0.40V -250 HA
M High® ViN =2.7V 25 RA
Iy Maximum input current VN = 5.5V, Vg = MAX 100 HA
Output current
Vee = MAX
lozn Output leakage Vour =27V 100 HA
lozL Output leakage - Vour = 0.4V -100 A
los Short circuit® § Vout = 0.5V -30 -130 mA
lee Ve supply current Vee = MAX 150 210 mA
Capacitance®
Cin Input Vee =5V
Vour = 2.0V 8 pF
Cg /0 (B) Vour =2V, f= 1MHz 8 pF
NOTES:
1. All typical values are at Vg = 5V, Tamp = +25°C.
2. All voltage values are with respect to network ground terminal.
3. Leakage current for bidirectional pins is the worst case of Iy_and loz_ or Iy and lozy.
4. Testone atatime.
5. Duration of short circuit should not exceed 1 second.
6. These parameters are not 100% tested but periodically sampled.
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PAL-type devices ]
20L8, 20R8, 20R6, 20R4 - PLQ20R8-5 Serles

AC ELECTRICAL CHARACTERISTICS
R, =200Q, Ry =390Q, 0°C < Tamp < +75°C, 4.75 < Vg <5.25V

LIMITS
SYMBOL PARAMETER FROM TO MIN! MAX UNIT

Pulse Width
tokH Clock High CLK+ CLK- 3.0 ns
teke Clock Low CK- CLK+ 3.0 ns
tekp Period CLK+ CLK+ 6.0 ns
Setup & Hold time :
tis Input Input or feedback CLK+ 4.0 ns
tn Input CLK+ Input or feedback 0 ns
Propagation delay
tcko Clock CLK: at 45 ns
tekF Clock3 CLK+ [e] 25 ns
teo Output (20L8, R6, R4)2 ,B Output 5.0 ns
toer Output enable* OE Output enable 6.0 ns
toe2 Output enable s | Output enable 8.0 ns
top1 Outputdisable4 OE Output disable 6.0 ns
tooz Output disablg*5 | Qutput disable 8.0 ns
tskw Output Q Q 1.0 ns
teer Power-Up Reset Vee+ Q+ 8.0 ns
Frequency (20R8, R6, R4)

No feedback 1/ (ke + toxm)® 187 MHz
frax Internal feedback 1/ (s + tokr)® 154 MHz

External feedback 1/ (tjs + tcko)® 18 MHz

*

For definitions of the terms, please refer to the Timing/Frequency Definitions tables.

NOTES:

1.

C = OpF while measuring minimum output delays.

2. tpp test conditions: C| = 50pF (with jig and scope capacitance), Vi = 3V, Vi = 0V, Vou = VoL = 1.5V.
3 i
4. For 3-State output; output enable times are tested with C|_ = 50pF to the 1.5V level, and S, is open for high-impedance to High tests and closed

tekr was calculated from measured Internal fyax.

for high-impedance to Low tests. Output disable times are tested with Cy . 5pF. High-to-High impedance tests are made to an output voltage of
V71 = (Vou — 0.5V) with S, open, and Low-to-High impedance tests are made to the V1 = (Vg + 0.5V) level with S; closed.
Same function as togs and tops, with the difference of using product term control.

. Not 100% tested, but calculated at initial characterization and at any time a modification in design takes place which may affect the frequency.
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PAL-type devices

20L8, 20R8, 20R6, 20R4

PLQ20R8-5 Series

TEST LOAD CIRCUIT

NOTE:
C1 and C5 are to bypass Vg to GND.

Vec T 45V s
. o«
1l 1 :
cy C2 $h
T_r]' oI ]
7 . 1
- : By [—L—» Ry :E CL
<
| ouT % [ l
NpuTs | | S
In O L —
le—0 OE =
° )
L

OUTPUT REGISTER SKEW

v
cLK _/
——————————————————— ov

3v

(REGISTERED OUTPUOT)n T 1.5V .

0
1SKW
kig
Qn 49

(REGISTERED OUTPUT) 1.5V

ov
CLOCK TO FEEDBACK PATH

4s
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PAL-type devices

20L8, 20R8, 20R6, 20R4

PLQ20R8-5 Series

TIMING DIAGRAMS"; 2

TIMING DEFINITIONS

1B >
UNPUTS) ("5"

CLK

1.5V?

[ 4

(REGISTERED OUTPUTS)

15

Flip-Flop Outputs

+3V

v

[_ 3V
1.5V

43V

1,8
(INPUTS)

ov

Po
co TAL ,—v
(COMBINATORIAL 15
OUTPUTS) >\:

<

vr

VoH

or2

VoL

1,B
(OUTPUT
ENABLE)

+1.5V

/
o2 "
+1.5V

+3V

Gate Outputs

ov

A 4.5V

Vee {

Vee

[ PP

ov

Q
(REGISTERED Y 1.5v
OUTPUTS)

1.5V

VoH

v ek

VoL

I,B
(INPUTS)

X

1.5V

+3v

CLK

[ tH—" s

1.5V

] 1.5V

texe—*

Ys cKH T
454CKF

Power-Up Reset

[— 3V
1.5V

ov

ov

SYMBOL

PARAMETER

tekH

Width of input clock pulse.

tekt

Interval between clock pulses.

tekp

Clock period.

tis

Required delay between
beginning of valid input and
positive transition of clock.

Required delay between
positive transition of clock and
end of valid input data.

Delay between positive
transition of clock and when
internal O output of flip-flop
becomes valid.

tcko

Delay between positive
transition of clock and when
outputs become valid (with
OE Low).

Delay between beginning of
Output Enable Low and when
outputs become valid.

top1

Delay between beginning of
Output Enable High and when
outputs are in the Off-State.

toe2

Delay between predefined
Qutput Enable High, and
when combinational outputs
become valid.

Delay between predefined
Output Enable Low and when
combinational outputs are in
the Off-State.

tePR

Delay between V¢ (after
power-on) and when flip-flop
outputs become preset at 1"
(internal Q outputs at “07).

teD

Propagation delay between
combinational inputs and
outputs.

b

Delay between each input
change

FREQUE

NCY DEFINITIONS

fmax

No feedback: Determined by
the minimum clock period,
Wtk + teku)-

Internal feedback:
Determined by the interna!
delay from flip-flop outputs
through the internal feedback
and array to the flip-flop
inputs, 1/(ts + tckr).
External feedback:
Determined by clock-to-output
delay and input setup time,

1/(tis + tcko)-

NOTES:

1. Input pulse amplitude is OV to 3V.
2. Inputrise and fall times are 2.0ns typical.

June 1990

131



Philips Components—Signetics Programmable Logic Devices Preliminary Specification

PAL-type devices ]
20L8, 20R8, 20R6, 20R4 . PLQ20R8-5 Serles

TIMING DIAGRAMS (Continued)

[e— tp 1
= / +3V
e ov
, / / \ +10V

ov
H Vo
REGIgL?;EI]J_ (FORCED DiN) - (O1N)
L VoL

/T

1D = 100ns

Output Register Preload
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PAL-type devices
20L8, 20R8, 20R6, 20R4

PLQ20R8-5 Series

PROGRAMMING

The PLQ20XX Series are programmable on conventional programmers for 24-pin PAL devices. Refer to the following charts for qualified
manufacturers of programmers and software tools:

SUNNYVALE, CALIFORNIA 94088-3409
(408)991-2000

PROGRAMMER MANUFACTURER PROGRAMMER MODEL FAMILY/PINOUT CODES
DATA /O CORPORATION SYSTEM 298, LogicPak™ 303A-V04 ‘
10525 WILLOWS ROAD, N.E 20LB-7/20L8D : 1B/28
P e NE. ADAPTER  303A-011A-V08 (DIP) 20R8-7/20R8D : 1B/27
0. 303A—011B-V04 (PLCC) 20R6—7/20R6D - 1B/27
REDMOND, WASHINGTON 98073-8746 |\ giTE 40148, V2.3 (DIP) 20R4—7/20R4D : 1B/27
V2.5 (PLCC)
(800)247-5700 MODEL 60, 60A/H, V.13
Y000 AT ORE . INC. ZL30/30A PROGRAMMER 20L8-7/20L8D : 11/56
REV. 30A31 20R8-7/20R8D : 11/57
SANTA CLARA, CALIFORNIA 85054 20R6-7/20R6D : 11/57
: PPZ PROGRAMMER 20R4—7/20R4D - 11/57
(408)988-1118 TBA
SOFTWARE MANUFACTURER DEVELOPMENT SYSTEM
SIGNETICS COMPANY
811 EAST ARQUES AVENUE
P.O. BOX 3409 AMAZE SOFTWARE

REV. 1.8 AND LATER

DATA 110

10525 WILLOWS ROAD, N.E.

P.0. BOX 97046

REDMOND, WASHINGTON 98073-9746

(800)247-5700

ABEL™ SOFTWARE
REV. 1.0 AND LATER

LOGICAL DEVICES, INC.
1201 NORTHWEST 65TH PLACE
FORT LAUDERDALE, FLORIDA 33309

(800)331-7766

CUPL™ SOFTWARE
REV. 1.01 AND LATER
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DESCRIPTION

The PLQ22V10 is a versatile PAL-type
device fabricated through the use of our
BiCMOS process known as QUBIC.
This is an excellent device where fast
propagation delays are required.

The PLQ22V10 uses the familiar
AND/OR logic array structure, which
allows direct implementation of
sum-of-product equations. This device
has a programmable AND array driving
a fixed OR array. This AND array is
programmed to create custom product
terms while the fixed OR array sums
selected terms at the output.

The OR sum of the products feeds the
“Output Macro Cell” (OMC) which can
be individually configured as a dedicated
input, a combinatorial output, or a
registered output with internal feedback.
In other words, the architecture provides
maximum design flexibility by allowing
the Output Macro Cell to be configured
by the user.

This device is pin and JEDEC file
compatible with industry standard 22V10
and can be used in all standard
applications where speed is to be
maximized.

Order codes can be found in the
Ordering Information table.

®PAL Is a regi d of

PLQ22V10-7

BiCMOS versatile PAL®-type device

FEATURES
® Ultra fast 7.5ns tpp and 6ns teko

® Pin and JEDEC file compatible to
industry standard 22V10

® 24-Pin Versatile Programmable Array
Logic

® 10 input/output macro cells for
architectural flexibility

® Varied product term distribution with
up to 16 product terms per output for
complex functions

® Programmable output polarity
® Power-up reset on all registers

® Synchronous Preset/
Asynchronous Reset

® Programmable on standard PAL-type
device programmers

® Design support provided using SNAP
or SLICE software development
packages and other CAD tools for
PLDs

® Available in 300mil-wide 24-Pin Plastic
DIP and 28-Pin PLCC

APPLICATIONS
® DMA control

© State machine implementation

® High speed graphics processing

® Counters/shift registers

® SSI/MS! random logic replacement

® High speed memory decoder

Inc., a wholly owned subsidiary of Advanced Micro Devices, Inc.
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PIN CONFIGURATIONS
F and N Packages
cikro [1] 7 124] vee
n 2] ) E F9
2 3] 2 o
oG )
u 3] t) e
15 [€] [19] Fs
15 (7] 18] Fa
17 [8] li7] Fa
18 [9] [16] F2
1o fig] [15] F1
o [1] [13) Fo
ano [ [13] 11

N = Plastic DIP {300mil-wide)
F = Ceramic DIP (300mil-wide)

A Package

CLK/
2 1 0 NCVgc F9 F8

19 10 GND NC 111 FO F1

A = Plastic Leaded Chip Carrier

PIN LABEL DESCRIPTIONS

1t -1

Dedicated Input

NC Not Connected

FO-F9 Macro Cell Input/Output
CLK/IO Clock Input/Dedicated Input
Vee Supply Voltage

GND Ground
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LOGIC DIAGRAM
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BiCMOS versatile PAL-type device

PLQ22V10-7

FUNCTIONAL DESCRIPTION

The PLQ22V10 allows the systems engineer
to implement the design on-chip, by opening
fuse links to configure AND and OR gates
within the device, according to the desired
logic function.

Product terms with all fuses opened assume
the logical HIGH state; product terms
connected to both True and Complement of
any single input assume the logical LOW
state.

The PLQ22V10 has 12 inputs and 10 I/O
Macro Cells (Figure 1.). The Macro Cell
allows one of four potential output
configurations, registered output or
combinatorial 1/0, Active-HIGH or

Active-LOW (see Figure 2.). The
configuration choice is made according to the
user’s design specification and corresponding
programming of the configuration bits Sq —
S;. Multiplexer controls are connected to
ground (0) through a programmable fuse link,
selecting the “0" path through the multiplexer.
Programming the fuse disconnects the
control line from GND and it floats to Ve (1),
selecting the *1” path.

The device is produced with a fuse link at
each input to the AND gate array, and
connections may be selectively removed by
applying appropriate voltages to the circuit.
Utilizing an easily-implemented programming
algorithm, these products can be rapidly
programmed to any customized pattern.

Information on approved programmers can
be found in the Programmer Reference
Guide. Extra test fuses are pre-programmed
during manufacturing to ensure extremely
high field programming yields, and provide
extra test paths to achieve excellent
parametric correlation.

Variable Input/Output Pin Ratio
The PLQ22V10 has twelve dedicated input
lines, and each Macro Cell output can be an
11O pin. Buffers for device inputs have
complementary outputs to provide
user-programmable input signal polarity.
Unused input pins should be tied to Vg or

CLKM0

GND.
n-m
n

PROGRAMMABLE
AND ARRAY
A\V4 (44 x132)
8 10, 14 16, 16, 14 12 1OE 8
RESET | OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT
MACRO |-|-b>MACRO b>MACRO | {1 MACRO |-{-bMACRO |- MACRO |- B MACRO b MACROL-H-MACRO
CELL | | | CELL CELL | | CELL CELL | | { cELL ]| CELL CELL CELL
PRESET
\/ \/ \/ \/ \/
¥ ¥ ¥ ¥ 3
F7 F]  [F]
Figure 1. Functional Diagram
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OUTPUT MACRO CELL
S, So OUTPUT CONFIGURATION
[ voo 0 0 Registered/Active-LOW
I?R L 0 1 Registered/Active-HIGH
. p a [ ] 1 o] Combinatorial/Active-LOW
CLK—] 3 0 1 1 1 Combinatorial/Active-HIGH
1 0=U rammed fuse
sp $1 -“lj_ 1= P?oggagmnr:ed fuse
S =
0
; 1

[

Figure 2. Output Macro Cell Logic Diagram

Sg=0 So=
Sy=0 o Sy=1
L]
F . o
’_
T
— —
a. Registered/Active-LOW c¢. Combinatorial/Active-LOW
Sg=1 So=1
- S1=0 St=
AR
L] L]
: > o : —F]
cLK— o l—
T
— g < - — -
b. Registered/Active-HIGH d. Combinatorial/Active-HIGH
Figure 3.

Registered Output Configuration =~ Combinatorial /O Configuration
Each Macro Cell of the PLQ22V10includesa  Any Macro Cell can be configured as

D-type flip-flop for data storage and combinatorial by selecting the multiplexer
synchronization. The flip-flop is loaded on the  path that bypasses the flip-flop (Sq = 1). In
LOW-to-HIGH transition of the clock input. In the combinatorial configuration, the feedback
the registered configuration (Sy = 0), the is from the pin.

array feedback is from Q of the flip-flop.
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ORDERING INFORMATION ) THERMAL RATINGS
DESCRIPTION ORDER CODE TEMPERATURE
gg'o:iqﬂl}ﬂ%?c Dual-In-Line PLQ22V10-7N Maximum junction 150°C
ggb’::;‘_a?ézmic Dualn-Line OLQ22V107F Maximum ambient ' 75°C
Allowable thermal rise

28-Pin Plastic Leaded Chip Carrier (PLCC) PLQ22V10-7A ambient to junction 78°C

ABSOLUTE MAXIMUM RATINGS!
RATINGS
SYMBOL PARAMETER MIN MAX UNIT

Vee Supply voltage -05 +7.0 Voc

Vin Input voltage -1.2 Vec +0.5 Voe

Vout Output voltage -0.5 Vec +0.5 Voc

Iy Input currents -30 +30 mA

lout Output currents +100 mA

Tsg Storage temperature range 65 +150 °C

NOTE:
1. Stressesabove those listed may cause malfunction or permanentdamage to the device. This is a stress rating only. Functional operation atthese
or any other condition above those indicated in the operational and programming specification of the device is not implied.

OPERATING RANGES

RATINGS
SYMBOL ) PARAMETER MIN MAX UNIT
Vee Supply voltage +4.75 +5.25 Voc
Tamb Operating free-air temperature 0 +75 °c
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DC ELECTRICAL CHARACTERISTICS Over commercial operating range unless otherwise specified.

LIMITS

SYMBOL PARAMETER TEST CONDITIONS? MIN MAX UNIT
Input voltage

ViL Low Vee = MIN 0.8 \"
V|H ngh Vcc = MAX 20 Vv
Vi Clamp Vee = MIN, Iy =-18mA -1.2

QOutput voltage

Veo = MIN, Viy = Viyor Vi .
Vo Low loL = 16mA 05 v
VOH High IQH =-3.2mA 24 . v
Input current
Vee = MAX

Iy :

(except Pin 1) Low V)y = 0.40V -100 HA
Iy (Pin 1) Low Vi = 0.40V -150 pA
I High . VN =27V . 25 HA
I Maximum input current ) Viy=5.5V 1.0 mA
Output current

Vee = MAX
lozn Output leakage? Vin=ViLor Viu, Vour = 2.7V 100 HA
lozL Output leakage’ ViN = Vi or Vi, Vour = 0.4V -100 pA
Isc Short circuit? Vour = 0.5V -30 -130 mA
lcc Ve supply current Veo = MAX 210 mA
NOTES:

1. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included.

2. No more than one output should be tested at a time. Duration of the short-circuit test should not exceed one second. Vouyr = 0.5V has been
chosen to avoid test problems caused by tester ground degradation.

3. 1/O pin leakage is the worst case of lozx or Ijx (where X = H or L).
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AC ELECTRICAL CHARACTERISTICS Over commercial operating range unless otherwise specified.

. TEST LIMITS?
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT

tpp Input or feedback to non-registered output? Active-LOW 75

' : Active-HIGH 7.5 ns
ts Setup time from input, feedback or SP to Clack 55 ns
ty Hold time 0 ns
tco Clock to output 6.0 ns
ter Clock to feedback® 25 ns
tar Asynchronous Reset to registered output 10.0 ns
tarw Asynchronous Reset width 75 ns
tARR Asynchronous Reset recovery time 5.5 ns
tspR Synchronous Preset recovery time 5.5 ns
twL Width of Clock LOW 4.0 ns
twH Width of Clock HIGH 4.0 ns

Maximum frequency;
fuax External feedback 1/(ts + tco)* 87 MHz

Maximum frequency;

Internal feedback 1/(ts + tcr)* 125 MHz
tea Input to Output Enable® 9.0 ns
teR Input to Qutput Disable® 9.0 ns
Capacitance®
CiN Input Capacitance (Pin 1) Vi =20V Ve =5.0V pF

Input Capacitance (Others) VN =2.0V Tamp = 25°C pF
Cout Output Capacitance Vour = 2.0V f=1MHz 8 pF

NOTES:

ENFAY N

. Commercial Test Conditions: Ry =

may be affected.

o

3009, Ry = 390Q (see Test Load Circuit).
. tpp is tested with switch S, closed and C_ = 50pF (including jig capacitance). Vi = 3V, V| = 0V, V1 = 1.5V.
. Calculated from measured fyax internal.
. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modmed where frequency

. For 3-State output; output enable times are tested with C|_ = 50pF to the 1.5V level, and S; is open for high-impedance to High tests and

closed for high-impedance to Low tests. Output disable times are tested with C_ .. 5pF. High-to-High impedance tests are made to an output
voltage of V1 = (Vo —0.5V) with S, open, and Low-to-High impedance tests are made to the V1 = (Vo + 0.5V) level with S closed.

6. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modifed where capacitance
may be affected.

TEST LOAD CIRCUIT "VOLTAGE WAVEFORM
Vee +5Y Sy
L1 $
¢ [ SR
. l | _|_
- : | Ry IE cL
| ouT : W 25ns 2.5ns
nputs | | <J
In Fn |- MEASUREMENTS:
A All circuit delays are measured at the 41.5V level of
K o OF je——o - inputs and outputs, unless otherwise specified.
NOTE: L
C1 and C; are to bypass V¢ to GND. = Input Pulses
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SWITCHING WAVEFORMS

INPUT OR v
FEEDBACK T

tPD

COMBINATORIAL
OUTPUT vr

Combinatorial Output

15 +1CF

cLocK vr

Clock to Feedback (fyay Internal)
(See Path at Right)

twH
cLOCK vr
Wi
Clock Width
tARW—"]
INPUT ASSERTING
ASYNCHRONOUS v
RESET

AR
vr

REGISTERED
OUTPUT
tARR
cLocK vr
Asynchronous Reset
NOTES:
1. Vr=15V.

2. Input pulse amplitude OV to 3.0V.
3. Input rise and fall times 2.5ns max.

INPUT OR v
FEEDBACK T
s H
CLOCK vr
tco
REGISTERED
OUTPUT vr
Registered OQutput
cLk
SE— I
| \vg |
| |
| Locic | 'S} REGISTER |
i - -
| |
| tcF |
b o e ——— Jd
INPUT vr
(3 €A

WY Vou-o.5v
ouTPUT E oM Y7/
LZF VoL+osv

vr

Input to Output Disable/Enable

INPUT ASSERTING
SYNCHRONOUS vr
PRESET

CLOCK

REGISTERED
OUTPUT vr

Synchronous Preset

November 1990

141



Philips Components-Signetics Programmable Logic Devices

Preliminary Specification

BiCMOS versatile PAL-type device

PLQ22V10-7

Programmable 3-State Outputs
Each output has a 3-State output buffer with
3-State control. A product term controls the
buffer, allowing enable and disable to be a
function of any product of device inputs or
output feedback. The combinatorial output
provides a bidirectional /O pin, and may be
configured as a dedicated input if the buffer is
always disabled.

Programmable Output Polarity
The polarity of each macro cell output can be
Active-HIGH or Active-LOW, either to match
output signal needs or to reduce product
terms. Programmable polarity allows Boolean
expressions to be written in their most
compact form (true or inverted), and the
output can still be of the desired polarity. It
can also save *DeMorganizing” efforts.

Selection is controlled by programmable bit
Sy in the Output Macro Cell, and affects both
registered and combinatorial outputs.
Selection is automatic, based on the design
specification and pin definitions. If the pin
definition and output equation have the same
polarity, the output is programmed to be
Active-HIGH (Sq = 1).

Preset/Reset

For initialization, the PLQ22V10 has
additional Preset and Reset product terms.
These terms are connected to all registered
outputs. When the Synchronous Preset (SP)
product term is asserted high, the output
registers will be loaded with a HIGH on the
next LOW-to-HIGH clock transition. When the
Asynchronous Reset (AR) product term is
asserted high, the output registers will be
immediately loaded with a LOW independent
of the clock.

ABEL is a trademark of Data VO Corp.
CUPL is a trademark of Logical Devices, inc.
PALASM is a registered trademark of AMD Corp.

November 1990

Note that Preset and Reset control the
flip-fiop, not the output pin. The output level is
determined by the output polarity selected.

Power-Up Reset

All flip-flops power-up to a logic LOW for
predictable system initialization. Outputs of
the PLQ22V10 will depend on the
programmed output polarity. The Vg rise
must be monotonic and the reset delay time
is 1-10ps maximum.

Register Preload

The register on the PLQ22V10 can be
preloaded from the output pins to facilitate
functional testing of complex state machine
designs. This feature allows direct loading of
arbitrary states, making it unnecessary to
cycle through long test vector sequences to
reach a desired state. In addition, transitions
from illegal states can be verified by loading
illegal states and observing proper recovery.

Security Fuse

After programming and verification, a
PLQ22V10 design can be secured by
programming the security fuse link. Once
programmed, this fuse defeats readback of
the internal programmed pattern by a device
programmer, securing proprietary designs
from competitors. When the security fuse is
programmed, the array will read as if every
fuse is programmed.

Quality and Testabllity

The PLQ22V10 offers a very high level of
built-in quality. Extra programmable fuses
provide a means of verifying performance of
all AC and DC parameters. In addition, this

142

verifies programmability and functionality of
the device to provide the highest
programming and post-programming
functional yields.

Technology

The BiCMOS PLQ22V10 is fabricated with
the Philips Components—Signetics process
known as QUBIC. QUBIC combines an
advanced, state-of-the-art 1.0um (drawn
feature size) CMOS process with an ultra fast
bipolar process to achieve superior speed
and drive capabilities. QUBIC incorporates
three layers of Al/Cu interconnects for
reduced chip size, and our proven Ti-W fuse
technology ensures highest programming
yields.

Programming

The PLQ22V10-7 is fully supported by
industry standard (JEDEC compatible) PLD
CAD tools, including Signetics’ SLICE and
SNAP design software packages. ABEL™
CUPL™ and PALASM® 90 design software
packages also support the PLQ22V10-7
architecture.

All packages allow Boolean and state
equation entry formats. SNAP, ABEL and
CUPL also accept, as input, schematic
capture format.

PLQ22V10-7 logic designs can also be
generated using the program table entry
format, which is detailed on the following
pages. This program table entry format is
supported by SLICE only. The SLICE design
package is available, free of charge, to
qualified users.
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OUTPUT REGISTER PRELOAD
The preload function allows the registers to
be loaded from the output pins. This feature
aids functional testing of sequential designs
by allowing direct setting of output states.
The procedure for preloading follows:

1. Raise Veg to 5.0V +£0.25V.

2. Set Pin 2 or 3 to Vyi to disable outputs
and enable preload.

3. Apply the desired value (Vi p/Viyp) to all
registered output pins. Leave combinato-
rial output pins floating.

4. Clock Pin 1 from Vi p to Vjp.

5. Remove V| p/Vyp from all registered out-
put pins.

6. Lower Pin 2 or3to Vp.

7. Enable the output registers according to
the programmed pattern.

8. Verify Vo /Von at all registered output
pins. Note that the output pin signal will
depend on the output polarity.

LIMITS
SYMBOL PARAMETER MIN REC MAX UNIT
VhH Super-level input voltage 95 10 105 \
ViLp Low-level input voltage 0 0 0.5 Vv
Ve High-level input voltage 2.4 5.0 55 v
to Delay time 100 200 1000 ns
tio 1/0O valid after Pin 2 or 3 drops from Vyy to Viip 100 ns
——————— VHH
s ) \
le— 1p o
t — ————— ViHp
REGISTERED ) DATAIN @ DATA OUT xg:_‘
————— F— 71—~~~ Vip
b
——————————— ViHp
CLOCK
1p ViLp
Output Register Preload Waveform
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“AND” ARRAY — (I, B)

LB B LB ,8
LB B ' LB [N:]
18 LB |8:4 LB
AD D D P D
[ STATE [ cooe | [ STATE [ cooe | [ STATE | cooe | [ STATE | cope |
L _macnve! | o | i TRUE "I | [ compiement | o« | | oonteare | - |
NOTE: '
1. This is the initial state.
POWER-UP RESET parameter table are shown below. Due to the . 1. The V¢c rise must be monotonic.
The power-up reset feature ensures that all synchronous operation of the power-up reset Following reset, the clock input must not

flip-flops will be reset to LOW after the device

has been powered up. The output state will

depend on the programmed pattern. This

and the wide range of ways V¢ can rise to
its steady state, two conditions are required
to ensure a valid power-up reset. These

be driven from LOW to HIGH until all
applicable input and feedback setup times

A jrammed p - . are met.
feature is valuable in simplifying state conditions are:
machine initialization. A timing diagram and
) LIMITS
SYMBOL PARAMETER MIN MAX UNIT
toR Power-up Reset Time 1 us
ts Input or Feedback Setup Time See AC Electrical
twi Clock Width LOW Characteristics
Vee
POWER av
PR
REGISTERED // 4
ACTIVE-LOW
OUTPUT /|
f— ls
cuoo AN

—

Power-Up Reset Waveform
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PROGRAMMING

The PLQ22V10 Series are programmable on conventional programmers for 24-pin PAL devices. Refer to the following charts for qualified

manufacturers of programmers and software tools:

SUNNYVALE, CALIFORNIA 94088-3409
(408)991-2000

PROGRAMMER MANUFACTURER PROGRAMMER MODEL FAMILY/PINOUT CODES
DATA /O CORPORATION SYSTEM 29B, LogicPak™ 303A-V04
B ey oW ROAD, N.E. ADAPTER  303A-011A-V08 (DIP)
0. 303A-011B-V04 (PLCC) 22V10 : TBD
REDMOND, WASHINGTON 98073-9746 | 1c/7E 0748, 3.9 (DIP)
V2.5 (PLCC)
(800)247-5700 MODEL 60, 60A/H, V.13
STAG MICROSYSTEMS, INC.
S MICROSY ST 2130/30A PROGRAMMER
 30A31
SANTACLARA, CALIFORNIA 85054 22v10 :T8BD
: PPZ PROGRAMMER
(408)988-1118 TBA
SOFTWARE MANUFACTURER DEVELOPMENT SYSTEM
SIGNETICS COMPANY
811 EAST ARQUES AVENUE SLICE 1.0 AND LATER
P.O. BOX 3409

SNAP 1.6 AND LATER

DATA /O

10525 WILLOWS ROAD, N.E.

P.O. BOX 97046

REDMOND, WASHINGTON 98073-9746

(800)247-5700

ABEL™ SOFTWARE
REV. 1.0 AND LATER

LOGICAL DEVICES, INC.
1201 NORTHWEST 65TH PLACE
FORT LAUDERDALE, FLORIDA 33309

(800)331-7766

CUPL™ SOFTWARE
REV. 1.01 AND LATER
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SNAP RESOURCE SUMMARY DESIGNATIONS

CLK10 -1
1 11,
SDINVID:| | NINVIO: DINViG NINVIO.
PROGRAMMABLE
“pNvie: HAND: gl
Y.
eKvia:
8 10, 1 1 16 16 18 12, 10, 8
/OR: oR oR: R OR R R /OR: OR OB
RESE OUTPUT OUTPUT OUTPUT OuUTPUT OUTPUT OUTPUT OUTPUT OQUTPUT OUTPUT
MACRO |- b MACRO |- -{>MACRO |11 MACRO |-b-MacRO |-} MacRo |- {-MACRO |- MACRO bMACRO
croex| CELL LY eetl LT een [T ee [ eetl [T e [ {1 ced [ cere {1 CELL
* - PRESET
“ouTVIO’ ouTvio:
OLMDIR :
.~
AR OLMAEG:
N 1 OUTVIO:
. D Qf—}e—s E]
. SOLMINY
CLK— a—
T
sp sy~
So =
DINVID: o
‘NINViO: 1
Output Macro Cell
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PLUS20R8D/-7 Series
PAL®-type devices

Status

Product Specification

Programmable Logic Devices

FEATURES
® Ultra high-speed
~ tpp = 7.5ns and fyax = 74MHz for
the PLUS20R8-7 Series
— tpp = 10ns and fyax = 60 MHz for
the PLUS20R8D Series
® 100% functionally and pin-for-pin
compatible with industry standard
24-pin PAL ICs
® Power-up reset function to enhance
state machine design and testability
® Design support provided via AMAZE
and other CAD tools for Series 24 PAL
devices
® Field-programmable on industry
standard programmers

® Security fuse

@ |ndividual 3-State control of all outputs

20L8, 20R8, 20R6, 20R4

DESCRIPTION

The Signetics PLUS20XX family
consists of ultra high-speed 7.5ns and
10ns versions of Series 24 PAL devices.

The PLUS20XX family is 100%
functional and pin-compatible with the
20L8, 20R8, 20R6, and 20R4 Series
devices. '

The sum of products (AND-OR)
architecture is comprised of 64 AND
gates and 8 fixed OR gates. Multiple
bidirectional pins provide variable
input/output pin ratios. Individual 3-State
control of all outputs and registers with
feedback (R8, R6, R4) is also provided.
Proprietary designs can be protected by
programming the security fuse.

The PLUS20R8, R6, and R4 have
D-type flip-tlops which are loaded on the
Low-to-High transition of the clock input.

In order to facilitate state machine
design and testing, a power-up reset
function has been incorporated into

these devices to reset all internal
registers to active-Low after a specific
period of time.

The Signetics State-of-the-Art oxide
isolation Bipolar fabrication process is
employed to achieve high-performance
operation.

The PLUS20XX family of devices are
field programmable, enabling the user to
quickly generate custom patterns using
standard programming equipment. See
the programmer chart for qualified
programmers.

The AMAZE software package from
Signetics supports easy design entry for
the PLUS20XX series as well as other
PLD devices from Signetics. The
PLUS20XX series are also supported by
other standard CAD tools for PAL-type
devices.

Order codes are listed in the Ordering
Information table.

DEVICE NUMBER DEDICATED COMBINATORIAL REGISTERED
INPUTS OUTPUTS OUTPUTS
PLUS20L8 14 8 (6 1/0) 0
PLUS20R8 12 0 8
PLUS20RS 12 210 6
PLUS20R4 12 410 4

®PAL is a registered trademark of Monolithic Memories, Inc.,

awholly owned subsidiary of Advanced Micro Devices, Inc.
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20L8, 20R8, 20R6, 20R4

PLUS20R8D/-7 Setries

PIN CONFIGURATIONS
PLUS20L8 PLUS20R8

) E~——] 24 | Voo CLK E—D—u 24 | Veo
Iy E~ 23 |l |2 H 23 {1y
12 E— E—— ] E— ':B"—-% a7
IQE'— &- 21] Bg e H -%— 21] Qg
4 [Z— 3 &—E Bs 3]s H E :3-)— 20 | a5
CH : =@ | | «EH © iR
Ig E— g E— 18 | B3 st 7 H g :3— 18| Qg
i E»— — By {17] B 68 —:Bo— 17] 0,
Ig E— 3«,— 16 | By 17 E— ::Bo— 16 | Qg
1o {10 |H — . 1g | 10 Y] B {75 ] a0
o (1 141y Ig [ 1t 14 (140
GND | 12 ;— 13 [ 1y GND | 12 <} 13 |CE

PLUS20L8

5] B
23] B
2] B,
2] NC
21] B3
2] B,
9] B,

tg 110GNDNC 149 112 O

PLUS20R8

I o CLKNCVccly @

ANDIOR
ARRAY OUTPUTS

I s
502 5| G

Ig kg GNDNC TE lyg Qg

SYMBOL  DESCRIPTION SYMBOL  DESCRIPTION
i Dedicated Input t Dedicated Input
(o) Dedicated combinatorial Output o Dedicated combinatorial Output
Q Registered outptt Q Registered output
B Bidirectional (input/output) B Bidirectional (input/output)
CLK Clock input CLK Clock input
OF Output Enable OE Qutput Enable
Vee Supply Voltage Vee Supply Voltage
GND Ground GND Ground
NC No Cannection NC No Connection
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20L8, 20R8, 20R6, 20R4

PLUS20R8D/-7 Series

PIN CONFIGURATIONS
PLUS20R6 PLUS20R4
/ /
cu([z—p— 4 | vee ck|[ 1 —p— 4 | vee
'OE* E'n o2} 23 | In
WGH =] i I EI L
IZE—- -3»— 21 ) qg ]| 4 }H :3»—1— 21| Bg
JCH 3 fER-=e | | «EH 3 [P
T - = -
I‘E_ g -3»— 19 | qq |s g q$o— 19| Qg
lslz— g : 3»—15 Q3 ISE—- g :3._ 18|03
IGE-— :3:»— 17 ] Qy Is E— ] 3»—— 17 {0
v H : £, W pra Py [ H 1] &
1g | 10 }— :b—r T 15 | By "’E_ ﬁ ]‘ 15 | Bg
o] 11 14 |1y g | 11 H 14 {lyo
GND| 12 t<t— 13 UE‘ GND | 12 L<p—] 13 | O
PLUS20R6 PLUS20R4
1y lp CLKNCVcclyy By 1y lg CLKNCVcchyy By
2] B¢
24] o
23] o4
22] NC
21] 03
20] o
Iz %G—E By

1 1g GNONC OE Iy Bg

SYMBOL  DESCRIPTION

1| [ 1T— |
B 5| 5 ] )

lg lg GNDNC OF 149 By

SYMBOL  DESCRIPTION

| Dedicated Input | Dedicated Input
o Dedicated combinatorial Output o] Dedicated combinatorial Output
Q Registered output Q Registered output
B Bidirectional (input/output) B Bidirectional (input/output)
CLK Clock input CLK Clock input
OE Output Enable OE Output Enable
Vee Supply Voltage Vee Supply Vottage
GND Ground GND Ground
NC No Connection NC No Connection
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20L8, 20R8, 20R6, 20R4 - PLUS20R8D/—7 Series

LOGIC DIAGRAM PLUS20L8

o [1
w 2

ee3 Ao e el 120 215 16e +19 20+ +23 24+ +27 28+ »31 32+ 35 36+ -

;

Beeoosez

L =
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® 1A
g : : %} [ =
d $ :
2
E s =
8 . {is] Bs
< : —H
a o -
I
5.8 —t11 -
& F:I —-
7
% S
& -
i3
H ]
I [
ho [IHE 3
0ee3 47 8o-11 1215 16- 19 20+ «23 24+ +27 28+ «31 32+ +35 36+ +38
INPUTS (0-39)
NOTES:

1. All unprogrammed or virgin "AND" gate Jocations are pulled to logic *0".

rogrammable connections.
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20L8, 20R8, 20R6, 20R4 PLUS20R8D/~7 Series

LOGIC DIAGRAM PLUS20R8
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PAL-type devices 2 i
20L8, 20R8, 20R6, 20R4 PLUS20R8D/-7 Series

LOGIC DIAGRAM PLUS20R6
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INPUTS (0-39) <13 ©e
NOTES:

1. All unprogrammed or virgin "AND" gate locations are pulled 1o logic “0*.
2. Programmable connections.
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Product Specification

PAL-type devices
20L8, 20R8, 20R6, 20R4

PLUS20R8D/-7 Series

LOGIC DIAGRAM

PLUS20R4
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INPUTS (0-39)

NOTES:
1. All unprogrammed or virgin "AND" gate locaticns are pulled to logic 0"
2. /. Programmable connections.
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Product Specification

PAL-type devices

20L8, 20R8, 20R6, 20R4

PLUS20R8D/-7 Series

FUNCTIONAL DESCRIPTIONS

The PLUS20XX series utilizes the familiar
sum-of-products implementation consisting of
a programmable AND array and a fixed OR
array. These devices are capable of replacing
an equivalent of four or more SSI/MSI|
integrated circuits to reduce package count
and board area occupancy, consequently
improving reliability and design cycle over
Standard Cell or gate array options. By
programming the security fuse, proprietary
designs can be protected from duplication.

The PLUS20XX series consists of four
PAL-type devices. Depending on the
particular device type, there are a variable
number of combinatorial and registered
outputs available to the designer. The
PLUS20L8 is a combinatorial part with 8 user
configurable outputs (6 bidirectional), while
the other three devices, PLUS20R8,
PLUS20RS6, PLUS20R4, have respectively 8,
6, and 4 output registers.

3-State Outputs

The PLUS20XX series devices also feature
3-State output buffers on each output pin
which can be programmed for individual
control of all outputs. The registered outputs
(Qn) are controlled by an external input

AND ARRAY - (I, B)

(/OE), and the combinatorial outputs (On, Bn)
use a product term to control the enable
function.

Programmable Bidirectional Pins
The PLUS20XX products feature variable
Input/Output ratios. In addition to 12
dedicated inputs, each combinatorial output
pin of the registered devices can be
individually programmed as an input or
output. The PLUS20L8 provides 14 dedicated
inputs and 6 Bidirectional I/O lines that can
be individually configured as inputs or
outputs.

Output Registers

The PLUS20RS has 8 output registers, the
20R6 has 6, and the 20R4 has 4. Each
output register is a D-type flip-flop which is
loaded on the Low-to-High transition of the
clock input. These outputregisters are
capable of feeding the outputs of the
registers back into the array to facilitate
design of synchronous state machines.

Power-up Reset

By resetting all flip-flops to a logic Low, as the
power is turned on, the PLUS20R8, R6, R4
enhance state machine design and
initialization capability.

Software Support

Like other Programmable Logic Devices from
Signetics, the PLUS20XX series are
supported by AMAZE, the PC-based software
development tool from Signetics. The
PLUS20XX family of devices are also
supported by standard CAD tools for PAL
devices, including ABEL and CUPL.

AMAZE is available free of charge to qualified
users.

Logic Programming

The PLUS20XX series is fully supported by
industry standard (JEDEC compatible) PLD
CAD tools, including Signetics AMAZE,
SLICE and SNAP design software packages.
ABEL™ CUPL™ and PALASM® 90 design
software packages also support the
PLUS20XX architecture.

All packages allow Boolean and state
equation entry formats. SNAP, ABEL and
CUPL also accept, as input, schematic
capture format.

vt 1

0

[T eone]
Cwove® | o ]

:

[smEecont] [smie_cooE] s Jcooe]
e T ] I B [“oovtoae | -]

l

VIRGIN STATE

A factory shipped virgin device contains all
fusible links intact, such that:

1. All outputs are at *“H" polarity.

2. All P, terms are disabled.

3. All P, terms are active on all outputs.

ABEL s a trademark of Data O Corp.
CUPL is a trademark of Logical Devices, Inc.
PALASM is a registered trademark of AMD Corp.
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PAL-type devices PLUS20R8D/-7 Series
20L8, 20R8, 20R6, 20R4 :
ORDERING INFORMATION THERMAL RATINGS
DESCRIPTION ORDER CODE TEMPERATURE

PLUS20R8DN Maximum junction 150°C
PLUS20R6DN - -
PLUS20R4DN Maximum ambient 75°C

24-Pin Plastic Dual-In-Line PLUS20L8DN :

) Allowable thermalrise
300mil-wide Stﬂgggggjﬁ ambient to junction . 75°C

PLUS20R4-7N
PLUS20L8-7N

PLUS20R8DA
PLUS20R6DA

PLUS20R4DA

28-Pin Plastic Leaded Chip Carrier (PLCC) oA
PLUS20R6-7A
PLUS20R4-7A
PLUS20L8-7A

NOTE:

The PLUS20XX series of devices are also processed to military requirements for operation over
the military temperature range. For specifications and ordering information, consult the Signetics
Military Data Book.

ABSOLUTE MAXIMUM RATINGS?

RATINGS

SYMBOL PARAMETER MIN MAX UNIT
Veo Supply voltage -0.5 +7 Voc
ViN Input voltage -1.2 +8.0 Voc
Vout Output voltage -05 Vee + 0.5V Voc
™ Input currents -30 +30 mA
lout Output currents +100 mA
Tsyg Storage temperature range -65 +150 °C

NOTE:

1. Stresses above those listed may cause malfunction or permanent damage to the device. This
is a stress rating only. Functional operation at these or any other condition above those
indicated in the operational and programming specification of the device is not implied.

OPERATING RANGES

RATINGS
SYMBOL PARAMETER MIN MAX UNIT
Vee Supply voltage +4.75 +5.25 Voc
Tamb Operating free—air temperature [¢] +75 °C
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PAL-type devices PLUS20R8D/-7 Series
20L8, 20R8, 20R6, 20R4

DC ELECTRICAL CHARACTERISTICS

0°C < Ta < +75°C, 4.75 < Voo 5 5.25V :

, LIMITS
SYMBOL PARAMETER TEST CONDITIONS THECEED UNIT
Input voltage?
Vi Low Vce = MIN 0.8 \
Vi High Voo = MAX 2.0 v
Vic Clamp Vee = MIN, Iy = —18mA 0.8 -15 v
Qutput voltage
Vcc = MIN, V|N = VIH or Vl

VoL Low loL = 24mA 0.5 v
Vo High IOH =-3.2mA 24 \
Input current

Vee = MAX
1 Low? Vin = 0.40V -250 HA
In High? VN =27V 25 pA
I Maximum input current Vi = Vee = Veemax 100 RA
Output current

Vee = MAX
lozn Output leakage Vour =27V 100 pA
lozL Output leakage Vour = 0.4V -100 pA
los Short circuit 4 5 Vour =0V -30 -90 mA
lec Vec supply current Vee = MAX 150 210 mA
Capacitance®
Cin Input Vee =5V

Vout = 2.0V pF
Cs /0 (B) Vout =2V, f = 1MHz pF

NOTES:

1. All typical values are at Veg = 5V, Tamp = +25°C.

2. All voltage values are with respect to network ground terminal.

3. Leakage current for bidirectional pins is the worst case of ly_and loz_ or Iy and lozu.

4. Testone at a time.

5. Duration of short circuit should not exceed 1 second.

6. These parameters are not 100% tested but periodically sampled.
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PAL-type devices

20L8, 20R8, 20R6, 20R4

PLUS20R8D/—7 Series

AC ELECTRICAL CHARACTERISTICS
Ry = 200Q, Ry = 3900, 0°C < Tams < +75°C, 4.75 < Vg <5.25V

LIMITS
SYMBOL PARAMETER FROM TO -7 UNIT
MmNt [ Tve | max | MmNt | max

Pulse Width
tCKH Clock High CK+ CK- ns
tokL Clock Low CK- CK+ ns
tckp Period CK+ CK+ 10 14 ns
Setup & Hold time
ts Input npatt ot CK+ 7 9 ns
tH Input CK+ 'g;%lga(gk 0 0 ns
Propagation delay
tcko Clock CKt Qt 3 6.5 3 7.5 ns
tokF Clock3 CKt Q 3 6.5 ns
tpp Output (20L8, R8, R4)2 ,B Output 3 7.5 3 10 ns
toe1 Output enable? OE Output enable 3 8 3 10 ns
toe2 Output enable®5 | Output enable 3 10 3 10 ns
top1 Output disable* OE Output disable 3 8 3 10 ns
tooz Output disable5 I Output disable 3 10 3 10 ns
tskw Output Q Q 1 1 ns
tppR Power-Up Reset Veo+ Q+ 10 10 ns
Frequency (20R8, R6, R4)

No feedback 1/ (tek + toic)® 100 71.4 MHz
fuax Internal feedback 1/ (tis + tckF)® 90 64.5 MHz

External feedback 1/ (tis + tcko)® 74 60.6 MHz

*

For definitions of the terms, please refer to the Timing/Frequency Definitions tables.

NOTES:
CL = OpF while measuring minimum output delays.

1.

o o

tckr was calculated from measured Internal fyax-

2. tpp test conditions: CL = 50pF (with jig and scope capacitance), Vi = 3V, V) = 0V, Vou = VoL = 1.5V.
3.
4. For 3-State output; output enable times are tested with C_ = 50pF to the 1.5V level, and Sy is open for high-impedance to High tests and closed

for high-impedance to Low tests. Output disable times are tested with C . 5pF. High-to-High impedance tests are made to an output voltage of
V1 = (Vo —0.5V) with S, open, and Low-to-High impedance tests are made to the V1 = (VoL + 0.5V} level with S, closed.
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Product Specification

PAL-type devices
20L8, 20R8, 20R6, 20R4

PLUS20R8D/-7 Series

TEST LOAD CIRCUIT
Vee +5V S
>
¢y J— l 2 2w
L R e
r 7 | 1
= : BrOp | (94 oL
| DuT Qo —,—>
wputs | |
In [T W
OE =
o——lok o <
4

NOTE: .
C 1 and C2 are to bypass Vo to GND.

OUTPUT REGISTER SKEW

CLK {

Gn 1.5V
(REGISTERED OUTPUT) i
1SKW

Q41 15V
(REGISTERED OUTPUT) -

3V

ov

3v

- OV

3v

ov

CLOCK TO FEEDBACK PATH

s | I
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PAL-type devices
20L8, 20R8, 20R6, 20R4

PLUS20R8D/-7 Series

TIMING DIAGRAMS?: 2

TIMING DEFINITIONS

1B >
(NPUTS) <1.sv

+3V

™ W

ov

/_ +3V
1.5V 1.5v

Flip-Flop Outputs

+3V

SYMBOL

PARAMETER

Width of input clock pulse.

Interval between clock pulses.

Clock period.

Required delay between
beginning of valid input and
positive transition of clock.

Required delay between
positive transition of clock and
end of valid input data.

Delay between positive
transition of clock and when
internal Q output of flip-flop
becomes valid.

tcko

Delay between positive
transition of clock and when
outputs become valid (with
OE Low).

1,B
(INPUTS)

ov

VoH

T

o
0,8 -
(COMBINATORIAL 1.5V
OUTPUTS)
toE2

VoL

+3V

1B
(OUTPUT +1.5V
ENABLE)

+1.5V

ov

Gate Qutputs

a5V
Vee

Vee

I" tpp

ov

> Y,
(REGISTERED 1.5V 1.
OUTPUTS)

= Vo

™ K¢

VoL

K]V

LB
(INPUTS) )(1.sv X:.sv

ov

YT

CLK } 15V

1.5V

4s CKH

{_. +3V
15V

T o
teKL—*

US4 ICKF

Power-Up Reset

Delay between beginning of
Output Enable Low and when
outputs become valid.

Delay between beginning of
Qutput Enable High and when
outputs are in the Off-State.

toe2

Delay between predefined
Output Enable High, and
when combinational outputs
become valid.

top2

Delay between predefined
Output Enable Low and when
combinational outputs are in
the Off-State.

tepR

Delay between Vg (after
power-on) and when flip-flop
outputs become presetat “1”
(internal Q outputs at *0").

tep

Propagation delay between
combinational inputs and
outputs.

FREQUE

NCY DEFINITIONS

fmax

No feedback: Determined by
the minimum clock period,
1/(tck + tokn)-

Internal feedback:
Determined by the internal
delay from flip-flop outputs
through the internal feedback
and array to the flip-flop
inputs, 1/(tis + tckr).
External feedback:
Determined by clock-to-output
delay and input setup time,

1/(4s + teko)-

NOTES:
1. Input pulse amplitude is OV to 3V.
2. Inputrise and fall times are 2.5ns.
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PAL-type devices
20L8, 20R8, 20R6, 20R4

PLUS20R8D/~7 Series

PROGRAMMING

The PLUS20XX Series are programmable on conventional programmers for 24-pin PAL® devices. Refer to the following charts for qualified
manufacturers of programmers and software tools:

PROGRAMMER MODEL

FAMILY/PINOUT CODES

PROGRAMMER MANUFACTURER

DATA I/O CORPORATION

10525 WILLOWS ROAD, N.E.

P.O. BOX 97046

REDMOND, WASHINGTON 98073-9746

(800)247-5700

SYSTEM 29B, LogicPak™ 303A-V04

ADAPTER  303A-011A-V08 (DIP)
303A-011B-V04 (PLCC)
UNISITE 40/48, V2.3 (DIP)
V2.5 (PLCC)
MODEL 60, 60A/H, V.15.0

20L8-7/20L8D : 1B/26
20R8-7/20R8D : 1B/27
20R6-7/20R6D : 1B/27
20R4-7/20R4D : 1B/27

STAG MICROSYSTEMS, INC.

1600 WYATT DRIVE

SUITE 3 .
SANTA CLARA, CALIFORNIA 95054

ZL30/30A PROGRAMMER
REV. 30A31 (DIP)
REV. 30A001 (PLCC)

20L8-7/20L8D : 11/56
20R8-7/20R8D : 11/57
20R6-7/20R6D : 11/58

SUNNYVALE, CALIFORNIA 94088-3409

PPZ PROGRAMMER 20R4-7/20R4D : 11/59
(408)988-1118 TBA
SOFTWARE MANUFACTURER DEVELOPMENT SYSTEM
SIGNETICS COMPANY SNAP
811 EAST ARQUES AVENUE REV. 1.6 AND LATER
P.O. BOX 3409

SLICE
REV. 1.0 AND LATER

REDMOND, WASHINGTON 98073-9746
(800)247-5700

(408)991--2000
AMAZE SOFTWARE
REV. 1.7
DATA 1/O
10525 WILLOWS ROAD, N.E.
P.O. BOX 97046 ABEL™ SOFTWARE

REV. 1.0 AND LATER

LOGICAL DEVICES, INC.
1201 NORTHWEST 65TH PLACE
FORT LAUDERDALE, FLORIDA 33309

(800)331-7766

CUPL™ SOFTWARE
REV. 1.01 AND LATER
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PAL-type devices X :
20L8, 20R8, 2086, 20R4 PLUS20R8D/-7 Setries

SNAP RESOURCE SUMMARY DESIGNATIONS

10-113

14

SDINPALZ ) [CNINPALZ:

PROGRAMMABLE AND ARRAY

D.

1 8 SDINPALT:
f i
INOUTPALE i
00, 07 B1-B6
PLUS20L8
cLK 0-111
12

HEKPALT:

PROGRAMMABLE AND ARRAY

D
e & & o @
a Q Q
ENOUTPALY:
® & & o »
a7

PLUS20R8
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PAL-type devices X ;
20L8, 20R8, 20R6, 20R4 PLUS20R8D/-7 Series

SNAP RESOURCE SUMMARY DESIGNATIONS (Continued)

10-111

PROGRAMMABLE AND ARRAY

HOINPALT

Q1-Q6

PLUS20R6

B0, B1, B6, B? Q2-Q5
PLUS20R4
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Status Preliminary Specification

Programmable Logic Devices

DESCRIPTION

The PHD48N22-7 is an ultra fast
Programmable High-speed Decoder
featuring a 7.5ns maximum propagation
delay. The architecture has been
optimized using Philips Components—
Signetics state-of-the-art bipolar oxide
isolation process coupled with
titanium-tungsten fuses to achieve
superior speed in any design.

The PHD48N22-7 is a two level logic
element comprised of 36 fixed inputs,

73 AND gates, 10 outputs, and 12
bidirectional I/Os. This gives the device
the ability to have as many as 48 inputs.
Individual 3-State control of all outputs is
also provided.

The device is field-programmable,
enabling the user to quickly generate
custom patterns using standard
programming equipment. Proprietary
designs can be protected by
programming the security fuse.

The AMAZE software package from -
Philips Components—Signetics supports

easy design entry for the PHD48N22-7 .

as well as other PLD devices.

Order codes are listed in the pages
following.

PHD48N22—-7

Programmable high-speed
decoder logic (48 x 73 x 22)

FEATURES
o |deal for high speed system decoding

© Super high speed at 7.5ns tpp
o 36 dedicated inputs

© 22 outputs
~ 12 bidirectional /O
- 10 dedicated outputs

® Security fuse to prevent duplication of
proprietary designs.

@ Individual 3-State control of all outputs

o Field-programmable on industry
standard programmers

© Available in 68-Pin Plastic Leaded
Chip Carrier (PLCC)

APPLICATIONS
© High speed memory decoders

© High speed code detectors
© Random logic
® Peripheral selectors

@ Machine state decoders

165

PIN CONFIGURATION

A Package
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Function
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Pfeliminary Specification

Programmable high-speed decoder logic

(48 x 73 x 22)

PHD48N22-7

LOGIC DIAGRAM

INPUTS (0 - 85)
ssemy .
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i Programmable connections

1 AII unpvogramrned or virgin *AND" gate locations are pulled to logic *0”

"2 < F s
13 [[T—ix <t ]
14 ——fojis
s S po] 2
16 0}—1is ———f7] 131
w 2}z %1 fe] a0
18 B} —t¥ <t fs) i
he <l B 128
120 [B}—4x ——=F] 17
1 5] —tx ca i)tz
12 [}—s —Fo] i
1] 124
NOTES:
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Programmable high-speed decoder logic D48N22—7
(48 x 73 x 22) PHbas

FUNCTIONAL DIAGRAM

o D—i}
I35 H
<—
—1
— 1z
UU Jduuy
L y Po=
o 1 0p-04
J O O ore
—D—DC [J ory-or,

ORDERING INFORMATION THERMAL RATINGS

DESCRIPTION ORDER CODE TEMPERATURE
68-Pin Plastic Leaded Chip Carrier PHD48N22-7A Maximum junction 150°C
Maximum ambient 75°C
ABSOLUTE MAXIMUM RATINGS? Allowable thermal rise
RATINGS ambient to junction 75°C
SYMBOL PARAMETER MIN MAX UNIT
Vee Supply voltage -0.5 +7 Voc
Vin Input voltage -0.5 +5.5 Voe
Vour Qutput voltage +5.5 Voc
Iin Input currents -30 +30 mA
lout Qutput currents +100 mA
Tamb Operating temperature range o] +75 °C
Tsg Storage temperature range -65 +150 °C
NOTES:

1. Stresses above those listed may cause malfunction or permanent damage to the device. This
is a stress rating only. Functional operation at these or any other condition above those
indicated in the operational and programming specification of the device is not implied.

OPERATING RANGES

RATINGS
SYMBOL PARAMETER MIN MAX UNIT
Vee Supply voltage +4.75 +5.25 Ve
Tamo Operating free-air temperature 0 +75 °C
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Programmable high-speed decoder logic

PHD48N22-7
(48 x 73 x 22)
DC ELECTRICAL CHARACTERISTICS
0°C < Tamp < +75°C, 4.75 < Vo < 5.25V
LIMITS
SYMBOL PARAMETER TEST CONDITIONS MIN TYP? MAX UNIT
Input voltage?
Vi Low Vee =MIN 0.8 v
Vi High Vee = MAX 20 \Y
Vic Clamp Vee = MIN, Iy = —18mA 0.8 -15 \
Output voltage
Vee = MIN, Viy = Vi or Vi,
VoL Low loL = +24mA 0.5 V'
VQH ngh lon =-3.2mA 24 v
Input current
Vcc = MAX
I Low Vi = +0.40V -20 —250 A
(" High Viy = +2.7V 25 A
h High Vin = Vee = Vee max 100 A
Output current
Vee = MAX
lozn Output leakage 3 Vour =+2.7V 100 A
lozL Output leakage 3 Vour = +0.40V -100 I
los Short circuit 4 Vour = +0V -30 —60 -90 mA
lee Vg current Ve = MAX 420 mA
Capacitance®
Vcc =+5V
CiN Input Vin=20V@t=1MHz 8 pF
Cou‘r /0 Vour=2.0V@ f=1MHz 8 pF
NOTES:

opwp

. Typical limits are at Voo = 5.0V and Ty = +25°C.
. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included.
Leakage current for bidirectional pins is the worst case of I and Igz_ or Iy and Igz.

Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second.
These parameters are not 100% tested, but are periodically sampled.

January 1990
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Programmable high-speed decoder logic .
(48 x 73 x 22) PHD48N22~7

AC ELECTRICAL CHARACTERISTICS
0°C < Tp < +75°C, 4.75 < Vg < 5.25V, Ry = 2009, R, = 3900

TEST LIMITS
SYMBOL PARAMETER FROM TO CONDITIONS MIN MIN UNIT
Propagation delay

1 -
tpo1 through B/O outputs (l,B,OR)x Qutput + C_ = 50pF 6.5 ns

1 Propagation delay B
tpp2 through OR outputs (,B,OR) % Qutput + Cy = 50pF 7 ns
tog? Output Enable (, B,OR)+ | Outputenable C = 50pF 10 ns
top? Output Disable (I,B,0R) = | Outputdisable CL =5pF 10 ns

NOTES:

1. tppy, 2 are tested with switch S, closed and C|_ = 50pF.

2. For 3-State output; output enable times are tested with C|_ = 50pF to the 1.5V level, and S is open for high-impedance to High tests and
closed for high-impedance to Low tests. Output disable times are tested with C . 5pF. High-to-High impedance tests are made to an output
voltage of V1 = (Von — 0.5V) with S; open, and Low-to-High impedance tests are made to the Vy = (Vg + 0.5V) level with S, closed.

VIRGIN STATE TIMING DEFINITIONS

A factory shipped virgin device contains all

fusible links intact, such that: SYMBOL PARAMETER

1. All outputs are disabled. tro1 Input to output propagation

2. All p-terms are disabled in the AND array. delay (through B/O outputs).

trD2 Input to output propagation
delay (through OR outputs).
top Input to Qutput Disable
(3-State) delay (Qutput
Disable).
toe Input to Output Enable delay
(Output Enable).
TIMING DIAGRAM
3.0V
— 1,5\
ov
top—+] . tos-{
:};3;5 EEEi VoH
VoL
WAVEFORM INPUTS OUTPUTS WAVEFORM INPUTS OUTPUTS
DON'T CARE; CHANGING;
P oL 8e ANY CHANGE STATE
PERMITTED UNKNOWN
DOES NOT LINE IS HIGH
APPLY IMPEDANCE
“OFF" STATE
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Programmable high-speed decoder logic g
(48 x 73 x 22) PHD48N22-7

-
=}

PROPAGATION DELAY - ns
N 8 oA oo N

1

o 1t 2 3 4 5 6 7 8 9 10 1M 12 1314 15 16 17 18 19 20 21 22
NOTE: © = OR Outputs ) TEST CONDITIONS: Tamp = 75°C;
e = B/O Outputs Vee =4.75V; Cy_= 50pF;
Ry = 2000; Rp = 3900

Worst-Case Propagation Delay vs. Number of Outputs Switching

AC TEST LOAD CIRCUIT . VOLTAGE WAVEFORMS
430V — — ——
Vee T +5V S ' so%
¢y [ 2R
) —-Fl R W L——
°T—™b By 2.5ns 25ns

|
| | s +3.0V
! | R2 3 cL 90%
INPUTS 1y OUT | 9
T ™|Bw : | | 10%

S O R N

GND OUTPUTS = 2.5ns 25ns
__l__ MEASUREMENTS:
- = All circuit delays are measured at the +1.5V level of
NOTE: inputs and outputs, unless otherwise specified.

C{and C; areto bypass Vo to GND. *

Input Pulses
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Programmable high-speed decoder logic

(48 x 73 x 22)

PHD48N22-7

LOGIC PROGRAMMING

The PHD48N22-7 is fully supported by
industry standard (JEDEC compatible) PLD
CAD tools, including Signetics AMAZE,
SLICE and SNAP design software packages.
ABEL™ CUPL™ and PALASM® 90 design

software packages also support the
architecture.

. “AND” ARRAY - (I, B)

All packages allow Boolean and state

equation entry formats. SNAP, ABEL and
CUPL also accept, as input, schematic

capture format.

PHD48N22-7 logic designs can also be
generated using the program table entry
format, which is detailed on the following
pages. This program table entry format is

supported by AMAZE and SLICE only. Both
AMAZE and SLICE design packages are
available, free of charge, to qualified users.

To implement the desired logic functions, each
logicvariable (I, B, P and D) from the logicequa-
tions is assigned a symbol. TRUE (High),
COMPLEMENT (Low), DON'T CARE and
INACTIVE symbols are defined below.

L8 LB LB 1B
1B .8 LB
18] 1B LB 18
PD PD D P.D
[ STATE [ cope | [ STATE | cooe | [ STATE [ cooe | [ STATE ] cooe |
[ macve! [ o ] [ TRUE [ w1 [ compiement |+ | | pontcare | - ]
NOTE:

1. This is the initial state.

ABEL is atrademark of Data VO Cormp.
CUPL is a trademark of Logical Devices, Inc.
PALASM is a registered trademark of AMD Corp.

January 1990
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Programmable high-speed decoder logic .
(48 x 73 x 22) PHD48N22-7

PROGRAM TABLE

35 ] %LLM29201726_&_2421222!20191511|615Ill3|2|||09076543210765‘3210321D

- =I Exm—
t]
®

3

;:—abbug

32 |47 |40 |38 |37 |36 | 35134 {33 |31 [30 |20 |3 |27 175 |25 |24 |23 |22 [ 20 |18 (18 |17 [16 |13 [12 |77 {10 ] 8 [ B |7 16 |5 |3 |2 | ¥ |52]51 |50 |a7 |4 |45 |& |43 |e8 [e7 |65 62

VARIABLE
NAME
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Programmable high-speed decoder logic _
(48 x 73 x 22) PHD48N22-7

PROGRAM TABLE (Continued)
OUTPUTS

0 B OR
9fef7lelsfafafa]1Jof7TefsTa[3]2]1]0

u|a| ®om—

2o [ [2m | 3|2 [ 3m | 2= JO ]

3= 2n [ 3n | 30 [ F 3 2 [

n
b3
3|23 > > 0!

©
-
| 2n 3 (20 |3n 20 [ 30| 20 [ 20 |30 [ 3 | 20 | ©

>|o

> o

»>[o

»|o

> o

»(o

>0

>l

»|o

>|o,

>0

»lo

» (o

»|o

> o

~
N
Bl»lo

PIN {63 162 |61 160 [59 |58 |57 |56 |54 |53 {52 [51 |50 |47 [46 [45 (44 68 |67 |65 164

VARABLE
NAME
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Programmable high-speed decoder logic ~
(48 x 73 x 22) PHD48N22-7

TYPICAL SYSTEM APPLICATION

vomrenrace [ yummusuo

______________________ -
IFOPTIONAL |
I | cAcHE | |
cLOCK TAG
GENERATOR | <:> SRAM
|
|
S CACHE |
PHDABNz2[— |
s : CONTROL
RESET _ ClK2 |
i CACHE |
DATA
| SRAM
|
ADDRESS)| e {———————— e
80386
CcPU
DRAM
H DRAM
I CONTROL
< DATA L
INTRN i:

LOCAL
BUS
CONTROL

ADVANCED
DMA

B
=l ¥ 1 1]

Pl
U O O o oy o el

INTERRUPT TIMER/ FLorey FIXED LAN SERIAL GRAPHICS EPROM
CONTROLLER COUNTER oKL oKL CONTROL PORTS COPROCESSOR

EXTERNAL
INTERRUPTS

J

FLOPPY FIXED DISK " CRT
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(48 x 73 x 22)

PHD48N22-7

SNAP RESOURCE SUMMARY DESIGNATIONS

P ] ory-oRrs
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Programmable Logic Devices

DESCRIPTION

The PLS153 and PLS153A are two-level
logic elements, consisting of 42 AND
gates and 10 OR gates with fusible link
connections for programming 1/O
polarity and direction.

All AND gates are linked to 8 inputs (I}
and 10 bidirectional I/O lines (B). These
yield variable I/O gate configurations via
10 direction control gates (D), ranging
from 18 inputs to 10 outputs.

On-chip T/C buffers couple either True
(I, B) or Complement (I, B) input
polarities to all AND gates, whose
outputs can be optionally linked to all
OR gates. Their output polarity, in'turn,
is individually programmable through a
set of EX-OR gates for implementing
AND/OR or AND/NOR logic functions.

The PLS153 and PLS153A are
field-programmable, enabling the user to

quickly generate custom patterns using -

standard programming equipment.

Order codes are listed in the Ordering
Information Table.

PLS153/A

Programmable logic arrays

(18 x 42 x 10)

FEATURES
© Field-Programmable (Ni-Cr links)

© 8inputs

© 42 AND gates

© 10 OR gates

© 10 bidirectional I/O lines

o Active-High or -Low outputs

© 42 product terms:
— 32 logic terms
- 10 control terms

@ |/O propagation delay:
— PLS153: 40ns (max)
— PLS153A: 30ns (max)

© Input loading: —100{A (max)

© Power dissipation: 650mA (typ)
© 3-State outputs

© TTL compatible

APPLICATIONS
© Random logic

o Coda converters

© Fault detectors

© Function generators
© Address mapping

© Multiplexing

179

PIN CONFIGURATIONS

N Package
~ 20] vee

[

2] 15) B,
12 [3] 18] Bg
1 (@ 7] By
1t [5] 1] Bg
15 (€] i3} Bs
ls,z EB‘
17 [g] 3] B3
e 2] B,

GND ﬁ [11] B,

N = Plastic DIP (300mik-wide)

A Package

Bg
By

G EE

=)

Bg
Bg
By

EE

Bg GND By By Bj
A = Plastic Leaded Chip Carrier

LOGIC FUNCTION

TYPICAL PRODUCT TERM:
Pnz=A-B-C-D-...
TYPICAL LOGIC FUNCTION:
AT OUTPUT POLARITY = H
Z=P0+P14+P2...

AT OUTPUT POLARITY =L
Zz=PO+PI+P2 +...
Z=FO-PFT-PZ-...

NOTES:
1. Foreach of the 10 outputs, either function Z (Active-

High) or Z (Active-Low) is available, but not both.
The desired output polarity is programmed via the
Ex-OR gates.

. Z,A, B,C, etc. are user defined connections to fixed

inputs () and bidirectional pins (B).




Philips Components—Signetics Programmable Logic Devices Product Specification

Programmable logic arrays (18 x 42 x 10) PLS153/A .

LOGIC DIAGRAM

O——————— (LOGIC TERMS-P) ————— O— (CONTROL TERMS) —¥&I

.., PPFIREEE

Is

ls

7

] N

B3 Tr—o
By
Bs i —
Bg 3—
B7 3
Bg 3
By

0C

JRUu00000

|Gl 4

op

18] Bg

&

17] By

16] Bg

¢ 15] Bs

14] By

13| B3

12] B,

1| By

12 5] %

31s00000242300s0rel61500 00008 7Toooees 0

NOTES:

1. All programmed 'AND' gate locations are pulled to logic *1*.
2. All programmed ‘OR’ gate locations are pulled to logic *0".
Programmable connection,
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Programmable logic arrays (18 x 42 x 10) PLS153/A

FUNCTIONAL DIAGRAM

—_———— —— e — —

b
3
1

Ir\m
-

o : % D 0 B
| |
|
. - D>— —
Xo _LOBQ

ORDERING INFORMATION ) ) THERMAL RATINGS
DESCRIPTION ORDER CODE ) TEMPERATURE
20-Pin Plastic Dual In-Line, 300mil-wide PLS153N, PLS153AN Maximum junction 150°C
20-Pin Plastic Leaded Chip Carrier PLS153A, PLS153AA Maximum ambient 75°C
Allowable thermal rise 75°C
ABSOLUTE MAXIMUM RATINGS! ambient to junction
RATINGS
SYMBOL PARAMETER MIN MAX UNIT The PLS153/A devices are also processed to
military requirements for operation over the
Vee Supply voltage +7 Voc military temperature range. For specifications
and ordering information consult the Signetics
Vin Input voltage +5.5 Voc Mitary Data Handbook.
Vour Output voltage +5.5 Ve
IIN Input currents -30 +30 mA
lout Output currents +100 mA
Tamb Operating temperature range 0 +75 °C
Toyg Storage temperature range -85 +150 °C

NOTES:

1. Stresses above those listed may cause malfunction or permanent damage to the device. This
is a stress rating only. Functional operation at these or any other condition above those
indicated in the operational and programming specification of the device is not implied.
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Programmable logic arrays (18 x 42 x 10)

PLS153/A

DC ELECTRICAL CHARACTERISTICS

0°C < Tamp S +75°C, 4.75V < Vi S 5.25V

LIMITS
SYMBOL PARAMETER TEST CONDITIONS MIN I TYP! I MAX UNIT
Input voltage?
v“_ Low Vee = MIN 0.8 Vv
Vi High Vee = MAX 20 v
Vic Clamp? Vee = MIN, Iy =~12mA -0.8 -1.2 v
Output voltage?
Vee = MIN
VoL Low* loL = 15mA 0.5 \
Vou ngh5 lOH =-2mA 24 \
Input current?
Vee = MAX
I Low Vy = 0.45V -100 HA
[ High ViN=5.5V 40 pA
Output current
Vee = MAX
IO(OFF) Hi-Z state® Vout = 5.5V 80 HA
Vour =0.45V -140
los Short circuit® 5 6 Vour =0V -15 -70 mA
lee Ve supply current” Ve = MAX 130 155 mA
Capacltance -
Veg'=5V
Ci Input Vin=2.0V 8 pF
Cs Vo Vg =20V 15 pF
NOTES:
1. All typical values are at Vg = 5V, Tamp = +25°C.
2. All voltage values are with respect to network ground terminal.
3. Testone at a time.
4. Measured with +10V applied to I7.
5. Measured with +10V applied to lp_;. Output sink current is supplied through a resistor to Vcc.
6. Duration of short circuit should not exceed 1 second.
7. lcc is measured with lg, 1y at OV, 1> — I7 and Bg_g at 4.5V.
8. Leakage values are a combination of input and output leakage.
9. hy and Iy limits are for dedicated inputs only (Ip - 17).

October 18, 1990
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Programmable logic arrays (18 x 42 x 10)

PLS153/A

AC ELECTRICAL CHARACTERISTICS
0°C < Tarp < +75°C, 4.75V < Ve <5.25V, Ry = 3000, Ry = 390Q

LIMITS
SYMBOL PARAMETER FROM TO TEST PLS153 PLS153A UNIT
CONDITION | MIN [ TYP' | MAX | MIN [ TYP' | MAX
tro Propagation delay Input + Output + Cy = 30pF 30 40 20 30 ns
toe Output enable? Input+ Output — Cy = 30pF 25 35 20 30 ns
top Qutput disable? Input + Output + C_=5pF 25 35 20 30 ns
NOTES:

1. All typical values are at Vg =5V, Tamp = +25°C.
2. For 3-State output; output enable times are tested with C_ = 30pF to the 1.5V level, and S; is open for high-impedance to High tests and
closed for high-impedance to Low tests. Output disable times are tested with C|_ = 5pF. High-to-High impedance tests are made to an output

voltage of V1 = (Vo — 0.5V) with 84 open, and Low-to-High impedance tests are made to the V1 = (Vo + 0.5V) level with S; closed.

3. All propagation delays are measured and specified under worst case conditions.

VOLTAGE WAVEFORMS TEST LOAD CIRCUIT
430V — — - —
Vee T +5V Sy
ov _J L ‘l c,-’- lcz 5:,;‘
Snsl Rt Sns"‘—
LIJ T BT
- | I > _I_
| | Ro :: CL
INPUTS y bur | 9

o—-}v—-— Bw : |
|

oJ——b By Bz

OUTPUTS —

MEASUREMENTS:
All circuit delays are measured at the +1.5V level
of inputs and outputs, unless otherwise specified.

Input Pulses

NOTE:
C1 and Cz areto bypass Vo to GND.

TIMING DEFINITIONS

TIMING DIAGRAM

SYMBOL PARAMETER

tep Propagation delay between
input and output.

too Delay between input change
and when output is off (Hi-Z

or High).

Delay between input change
and when output reflects
specified output level.

October 18, 1990
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Programmable logic arrays (18 x 42 x 10)

PLS153/A

LOGIC PROGRAMMING OUTPUT POLARITY - (B)

The PLS153/A is fully supported by industry
standard (JEDEC compatible) PLD CAD
tools, including Signetics AMAZE, Data I/O's s
ABEL™ and Logical Devices, Inc. CUPL™
design software packages.

All packages allow Boolean and state =
equation entry formats. ABEL and CUPL also
accept, as input, schematic capture format.

PLS153/A logic designs can also be
generated using the program table entry

ACTIVE LEVEL CODE

HGH' H
(NON-INVERTING)

ACTIVE LEVEL CODE

LOW
(INVERTING)

format detailed on the following page. This
program table entry format is supported by
the Signetics AMAZE PLD design software
(PTP module). AMAZE is available free of
charge to qualified users.

To implement the desired logic functions, the
state of each logic variable from logic
equations (I, B, O, P, etc.) is assigned a
symbol. The symbols for TRUE,
COMPLEMENT, INACTIVE, PRESET, etc.,
are defined below.

AND ARRAY - (I, B)

LB

LB LB

P D P.D

LB 18:4

PD RD

[ STATE | copE } [ STATE [ cope ] { STATE

[ cooe ] [

STATE [ coce |

[ macver2 | o | { L8 w1 (

1B |

L | [

DONTCARE | - |

OR ARRAY - (B)

| PnsTatus T copE | [
| acmvel A |

P,STATUS [ coDE |
INACTIVE | o |

NOTES:

1. This is the initial unprogrammed state of all links.

2. Any gate P, willbe unconditicanlly inhibited if both the True and Complement of aninput (either
I or B) are left intact.
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VIRGIN STATE

A factory shipped virgin device contains all
fusible links intact, such that:

1. All outputs are at “H" polarity.

2. All P, terms are disabled.

3. All P, terms are active on all outputs.

CAUTION: PLS153A TEST
COLUMNS

The PLS153A incorporates two columns not
shown in the logic block diagram. These
columns are used for in-house testing of the
device in the unprogrammed state. These
columns must be disabled prior to using the
PLS153A in your application. If you are using
a Signetics-approved programmer, the
disabling is accomplished during the device
programming sequence. If these columns are
not disabled, abnormal operation is possible.

Furthermore, because of these test columns,
the PLS153A cannot be programmed using
the programmer algorithm for the PLS153.
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PLS153/A

Programmable logic arrays (18 x 42 x 10)

PROGRAM TABLE

POLARITY

Q o
- . m
- — o
H s{g= T 3
I =
© e
- ~ ~
- - B
- = 2
i |
o -]
- o
o o
<1 =
M w _u.-l
B =
=
~ -
- -+~ E
[=]
zZ > 3
Py -
- ~
o~ ©
© -
- poy w
w o
= ~
~ @«
ruzz ol |ulalelololnlalalz|z|x|elz e le|x a2l st |2 |z |a|a|n |8z e |5 2|8 |5 |8 |8 |2 |8 |2 |5 [B1E]  soaviwA
31vaAJY ¥ 319VL WVHOOHd o) SOV o8 pouruesor oy L1707 “
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Programmable Logic Devices

DESCRIPTION

The PLUS153 PLDs are high speed,
combinatorial Programmable Logic
Arrays. The Signetics state-of-the-art
Oxide Isolated Bipolar fabrication
process is employed to produce
propagation delays as short as 12ns.

The 20-pin PLUS153 devices have a
programmable AND array and a
programmable OR array. Unlike PAL®
devices, 100% product term sharing is
supported. Any of the 32 logic product
terms can be connected to any or all of
the 10 output OR gates. Most PAL ICs
are limited to 7 AND terms per OR
function; the PLUS 153 devices can
support up to 32 input wide OR
functions.

The polarity of each output is
user-programmable as either
active-High or active-Low, thus allowing
AND-OR or AND-NOR logic
implementation. This feature adds an
element of design flexibility, particularly
when implementing complex decoding
functions.

The PLUS153 devices are
user-programmable using one of several
commercially available, industry
standard PLD programmers.

®PAL is a registered trademark of Monolithic Memories, Inc., a wholly owned subsidiary of Advanced Micro Devices Corporation.

PLUS153B/D

Programmable logic arrays

(18 x 42 x 10)

FEATURES

® |/O propagation delays (worst case)
— PLUS153B ~ 15ns max.
— PLUS153D — 12ns max.

® Functional superset of 16L8 and most
other 20-pin combinatorial PAL
devices

® Two programmable arrays

— Supports 32 input wide OR
functions

® 8 inputs
® 10 bi-directional /O
® 42 AND gates

— 32 logic product terms
— 10 direction control terms

® Programmable output polarity
— Active-High or Active-Low
® Security fuse
® 3-State outputs
® Power dissipation: 750mW (typ.)
® TTL Compatible

PIN CONFIGURATIONS

N Package

W [
||E
I2E
15 [4]
14 5]
1s [€]
lsE
17 [E]
80 [7]

GND

N = Piastic DIP (300mil-wide)

A Package

18] By

17] 87
16] B¢
5] 85
[13] B,

Bo GND By .B; B3
A = Plastic Leaded Chip Carrier

APPLICATIONS
® Random logic

® Code converters

® Fault detectors

® Function generators
® Address mapping

® Multiplexing
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Programmable logic arrays (18 x 42x 10) PLUS153B/D

LOGIC DIAGRAM

O——————— (LOGIC TERMS—P) ——————00 O— (CONTROL TERMS) —O

&

T

-

I3

ls

s

16 [ 7]

|7 i
By | —
By T
B2 —
B3 T
By g—‘
Bs 1T
Bs ]
By T —

¥
By
19| By

31s 0000024230 0016150000048 7e0e000e 0

NOTES:

1. All programmed 'AND’ gate locations are pulled 1o ogic *1*.
2. All programmed ‘OR’ gate locations are pulled to logic *0".
3. i Programmable connection.
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Programmable logic arrays (18 x 42x 10) PLUS153B/D
FUNCTIONAL DIAGRAM
Py Po Do Dy
o3
|
T A
|
Iy o_j_{:g 1t
Bg Q__
S l::) : % )D5 T° By
| |
S ' ]

ORDERING INFORMATION THERMAL RATINGS
DESCRIPTION tpp (MAX) ORDER CODE TEMPERATURE
20-Pin Plastic Dual-In-Line 300mil-wide 15ns PLUS153BN Maximum junction 150°C
20-Pin Plastic Dual-In-Line 300mil-wide 12ns . PLUS153DN Maximum ambient 75°C
20-Pin Plastic Leaded Chip Carrier 15ns PLUS153BA Allowable thermal rise 75°C
20-Pin Plastic Leaded Chip Carrier 12ns PLUS153DA ambient to junction
ABSOLUTE MAXIMUM RATINGS!
RATING
SYMBOL PARAMETER MIN MAX UNIT
Vee Supply voltage +7 Voe
Vin Input voltage +55 Ve
Vour Output voltage +5.5 Ve
™ Input currents -30 +30 mA
lour Output currents +100 mA
Tamb Operating free-air temperature range 0 +75 °C
Teg Storage temperature range —-65 +150 °C
NOTES:

1. Stresses above those listed may cause malfunction or permanent damage to the devite. This
is a stress rating only. Functional operation at these or any other condition above those

indicated in the operational and programming specification of the device is not implied.

October 18, 1990
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Programmable logic arrays (18 x 42x 10) , PLUS153B/D

DC ELECTRICAL CHARACTERISTICS
0°C < Tamp S +75°C, 4.75 < Vg < 5.25V

LIMITS
SYMBOL PARAMETER TEST CONDITIONS MIN , TYP? ' MAX UNIT

Input voltage?
Vi Low ) Vee = MIN 08 \"
Vi High Vec = MAX 20 v
Vie Clamp Ve = MIN, Iy =~12mA 08 | -12 v
Output voltage?

Voo = MIN
VoL Low* loL = 15mA 05 \%
Vo High® lon=—2mA 2.4 v
Input current?

Vee = MAX
I Low Viy = 0.45V -100 HA
™ High Vi =Vee 40 HA
Output current

Vee = MAX
lo(orr) Hi-Z state® Vour =2.7V 80 HA

Vour = 0.45V -140
los Short circuit3: 5.6 Vout =0V -15 -70 mA
lec Veg supply current? Vee = MAX 150 200 mA
Capacitance
Ve = 5V
Cin Input Vin=2.0V 8 pF
Cg /0 Vg =2.0V 15 pF
NOTES:

1. All typical values are at Vg = 5V, Tanp = +25°C.

. All voltage values are with réspect to network ground terminal.

. Test one at a time. .

Measured with inputs lg — I = OV, inputs I3 — Is = 4.5V, inputs |; = 4.5V and lg = 10V. For outputs By — B4 and for outputs Bs — Bg apply the
same conditions except l; = OV.

Same conditions as Note 4 except 7 = +10V.

. Duration of short circuit should not exceed 1 second.

lec is measured with inputs 1o — 17 and By — Bg = OV.

Leakage values are a combination of input and output leakage.

. I and liy limits are for dedicated inputs only (lo ~ 7).

FNFAY Y

oENO®
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Programmable logic arrays (18 x 42x 10) PLUS153B/D
AC ELECTRICAL CHARACTERISTICS
0°C < Tamp S +75°C, 4.75V < Vg $5.25V, R, = 300Q, R, = 390Q
o LIMITS
SYMBOL PARAMETER FROM T0 TEST PLUS153B PLUS153D UNIT
CONDITION | MIN | TYP | MAX | MIN | TYP | MAX

teD Propagation Delay? Input +/~ | Output+/— | Ci =30pF 1 15 10 12 ns

toe Output Enable’ Input +/— Output - C, = 30pF 1 15 10 12 ns

ton Output Disable’ Input 4/~ | Output + Cyp =5pF 1 15 10 12 ns
NOTES:

1. For 3-State output; output enable times are tested with C_ = apr to the 1.5V level, and S, is open for high-impedance to High tests.and

closed for high-impedance to Low tests. Output disable times are tested with C_ = 5pF. High-to-High impedance tests are made to an output

voltage of V1 = (Voy —~ 0.5V) with Sy open, and Low-to-High impedance tests are made to the V1 = (VgL + 0.5V) level with S closed.
2. All propagation delays are measured and specified under worst case conditions.

Input Pulses

CyandCpareto bypaﬁs Vee to GND.

VOLTAGE WAVEFORMS TEST LOAD CIRCUIT
3NV —— ——
Vee +5V Sy
" l J - LI
w® ¥ Sns y T By [ -
— [ | J_
- | | Ry :E CL
INPUTS | i OuT ] 9 ’
O—]——h By : «
|
o—l———— Bx Bz —J——> .
GND -OUTPUTS —
MEASUREMENTS: 1
Al circuit delays are measured at the +1.5V level —
of inputs and outputs, unless otherwise specified. NOTE: =

specified output level.

TIMING DEFINITIONS TIMING DIAGRAM
SYMBOL PARAMETER e .
43V
o0 Propagation delay between B :>(1.sv %sv 1.5V
input and output. ov
too Delay between input change ‘
and when output is off (Hi-Z —— o
h — Vo
or High). s }st % vr \hi\,
toe Delay between input change VoL
and when output reflects *wn——l le~to0 _,| L_

October 18, 1990

190




Philips Components~Signetics Programmable Logic Devices

Product Specification

Programmable logic arrays (18 x 42x 10)

PLUS153B/D

LOGIC PROGRAMMING OUTPUT POLARITY —(B)

The PLUS153B/D is fully supported by
industry standard (JEDEC compatible) PLD
CAD tools, including Signetics AMAZE, s
SLICE and SNAP design software packages. R ¢
ABEL™ and CUPL™ design software
packages also support the PLUS153B/D
architecture.

All packages allow Boolean and state
equation entry formats. SNAP, ABEL and
CUPL also accept, as input, schematic

ACTIVE LEVEL CODE

HIGH! H
NON-INVERTING)

ACTIVE LEVEL CODE

LOW
(INVERTING)

capture format.

PLUS153B/D logic designs can also be
generated using the program table entry
format, which is detailed on the following
page. This program table entry formatis
supported by AMAZE and SLICE only. Both
AMAZE and SLICE design packages are
available, free of charge, to qualified users.

To implement the desired logic functions, the
state of each logic variable from logic
equations (I, B, O, P, etc.) is assigned a
symbol. The symbols for TRUE,
COMPLEMENT, INACTIVE, PRESET, etc.,
are defined below.

AND ARRAY - (I, B)

LB

AD

LB
18

RD

[ STATE [ cooe ] | STATE | cooe | [ STATE

[ cope | [

STATE | cooe |

[Cmacveh2 [ o ] [ LB |

[ [

DONTCARE | - ]

1B [+ ] [

OR ARRAY - (B)

[ PpsTATUS
[_acmvel

| cope |

A ]

P, STATUS
| INACTIVE

1 cope ]

1 |

NOTES:
1. This is the initial unprogrammed state of all links.

VIRGIN STATE

A factory shipped virgin device contains all
fusible links intact, such that:
1. All outputs are at “H" polarity.

2. All P, terms-are disabled.

3. All P, terms are active on all outputs.

2. Any gate P, will be unconditionally inhibited if both the true and complement of an input (either

| or B) are left intact.

ABEL is atrademark of Data IO Corp.
CUPL Is a trademnark of Logical Devices, Inc.

October 18, 1990
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Programmable logic arrays (18 x 42x 10) PLUS153B/D

SNAP RESOURCE SUMMARY DESIGNATIONS

P?' Po Do Dg

E: DIN153:
b "NN):&.

DIK153—
ot <y

By
[ : [ Ej it TOUTI53:
- | > Fom
| |
S A A G |
\EXOR‘SS'
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Philips Components-Signetics

Document No.| 853-1508

ECN No. 00750

October 18, 1990
Product Status

Date of Issue

Status

Programmable Logic Devices

DESCRIPTION

The PLUS153-10 PLD is a high speed,
combinatorial Programmable Logic
Array. The Signetics state-of-the-art
Oxide Isolated Bipolar fabrication
process is employed to produce
maximum propagation delays of 10ns or
less.

The 20-pin PLUS153 device has a
programmable AND array and a
programmable OR array. Unlike PAL®
devices, 100% product term sharing is
supported. Any of the 32 logic product
terms can be connected to any or ali of
the 10 output OR gates. Most PAL ICs
are limited to 7 AND terms per OR
function; the PLUS153-10 can support
up to 32 input wide OR functions.

The polarity of each output is user-
programmable as either Active-High or
Active-Low, thus allowing AND-OR or
AND-NOR logic implementation. This
feature adds an element of design
flexibility, particularly when implementing
complex decoding functions.

The PLUS153-10 device is user-
programmable using one of several

commercially available, industry
standard PLD programmers.

®PAL is a registered trademark of Monolithic Memories, Inc., a wholly owned subsidiary of Advanced Micro Devices Corporation.

PLUS153-10

Programmable logic array

(18 x 42 x 10)

FEATURES
© |/O propagation delays (worst case)
— PLUS153-10 — 10ns max.

® Functional superset of 16L8 and most
other 20-pin combinatorial PAL
devices

® Two programmable arrays

— Supports 32 input wide OR
tunctions

® 8 inputs
® 10 bi-directional /O

® 42 AND gates
— 32 logic product terms
- 10 direction control terms

© Programmable output polarity
- Active-High or Active-Low
® Security fuse
® 3-State outputs
® Power dissipation: 750mW (typ.)
© TTL Compatible

APPLICATIONS
® Random logic

® Code converters

® Fault detectors

® Function generators
© Address mapping

® Multiplexing

PIN CONFIGURATIONS

N Package
o 7] 20] Voo
n 2] [19] By
12 3] 18] B
15 [4] 87
u 5] 16] Bg
Is E [15] Bs
s [7] [13] By
17 [3] 13] B,
B, [7] 12] B,
GND [1] 1] B,

N = Plastic DIP (300mil-wide)

18] By
17) 87
16] B¢
15] Bs
[14] B,

Bo GND By B B3

A = Plastic Leaded Chip Carrier
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Programmable logic array (18 x 42 x 10) ' PLUS153-10

LOGIC DIAGRAM

B—— (LOGIC TERMS-P) ———@ bl— (CONTROL TERMS) —#i

7

o

<

(g2 22222028

o
@

19| By

16] Bg

15] Bs

13] B3

12] B,

1] By

o

31eveese242300sseci61500000e8 7oooses 0

NOTES:

1. All programmed ‘AND" gate locations are pulled to logic "1".
2. All programmed 'OR' gate locations are pulled to fogic 0",
Programmable connection.
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Programmable logic array (18 x 42 x 10) PLUS153-10

FUNCTIONAL DIAGRAM

y._

|
|
|
[N o—l—§ ]
C

.

Sp {

T —Ir—o Bo
|

U
L >-
: e L

ORDERING INFORMATION i THERMAL RATINGS
DESCRIPTION tpp (MAX) ORDER CODE TEMPERATURE
20-Pin Plastic Dual-In-Line 300mil-wide 10ns PLUS153-10N Maximum junction 150°C
20-Pin Plastic Leaded Chip Carrier 10ns PLUS153-10A Maximum ambient 75°C
ABSOLUTE MAXIMUM RATINGS! :rl:n%viv::tlfol?fr:giac:nnse e
RATING
SYMBOL PARAMETER MIN MAX UNIT
Vee Supply voltage +7 Voc
Vin Input voltage +5.5 Voc
Vour Output voltage +5.5 Ve
M Input currents -30 +30 mA
lout Output currents +100 mA
Tamb Operating free-air temperature range 0 +75 °C
Tetg Storage temperature range -65 +150 °C
NOTES:

1. Stresses above those listed may cause malfunction or permanent damage to the device. This
" is a stress rating only. Functional operation at these or any other condition above those
indicated in the operational and programming specification of the device is not implied.

October 18, 1990 196



Philips Components—Signetics Programmable Logic Devices

Product Specification

Programmable logic array (18 x 42 x 10)

PLUS153-10

DC ELECTRICAL CHARACTERISTICS

0°C < Tamp < +75°C, 4.75 S Vg S 5.25V

LIMITS
SYMBOL PARAMETER TEST CONDITIONS MIN I TYP! l MAX UNIT

Input voltage?
Vit Low Vee = MIN 0.8 \
Vi High Vee = MAX 2.0 \
Vic Clamp Vee = MIN, [y =—12mA -0.8 -1.2 Vv
Output voltage?

Ve = MIN
VoL Low* lor = 15mA 05

Vou High lok = ~2mA 24 1 v

Input current®

Vee = MAX
li Low Vin = 0.45V -100 BA
I High Vin = Vee 40 pA
Output current

Vee = MAX
locoFF) Hi-Z state8 Vour = 2.7V 80 A

Vour = 0.45V ~140
los Short circuit3: 5.6 Vour =0V -15 -70 mA
lec Vee supply current” Vee = MAX 150 200 mA
Capacitance
Veg =5V
Cn Input Vi = 2.0V 8 oF
Ca Vo Vg =20V 15 pE
NOTES:

Test one at a time.

same conditions except I; = OV.

CENO! AWM=

October 18, 1990

. All typical values are at Vg = 5V, Tamp = +25°C.
. All voltage values are with respect to network ground terminal.

Same conditions as Note 4 except I7 = +10V.

. Duration of short circuit should not exceed 1 second.

. lcc is measured with inputs 1y ~ 17 and By~ Bg = OV.

. Leakage values are a combination of input and output leakage.
.l and by limits are for dedicated inputs only (lg - 17).

197

Measured with inputs lo— Iz = 0V, inputs I3 — |5 = 4.5V, inputs I7 = 4.5V and lg = 10V. For outputs By —~ B4 and for outputs Bs — Bg apply the
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Programmable logic array (18 x 42 x 10) PLUS153-10

AC ELECTRICAL CHARACTERISTICS
0°C $ Tamp S +75°C, 4.75V < Ve < 5.25V, Ry = 300Q, Ry = 390Q

TEST LIMITS
SYMBOL PARAMETER . FROM TO CONDITION MIN TYP MAX UNIT
tpp Propagation Delay? Input +/— Output +/— Cy = 30pF 8 10 ns
toe Output Enable’ Input +/— Output - C_ = 30pF 8 10 ns
too Output Disable’ Input +/~ Output + CL=5pF 8 10 ns

NOTES:

1. For 3-State output; output enable times are tested with C,_ = 30pF to the 1.5V level, and S, is open for high-impedance to High tests and
closed for high-impedance to Low tests. Output disable times are tested with C| = 5pF. High-to-High impedance tests are made to an output
voltage of V1 = (Vo — 0.5V) with S; open, and Low-to-High impedance tests are made to the V1 = (VoL + 0.5V) level with S closed.

2. All propagation delays are measured and specified under worst case conditions.

VOLTAGE WAVEFORMS TEST LOAD CIRCUIT

430V ————

Vee T +5V St

o 1 "~
" _.I'WLH .F_L,L "1, . i

“’ I
|
| RS CL
INPUTS | o 17 DUt
O—l—b Bw
- |
._.5,‘.‘-_ ‘_’IS"C oJ——— By Bz —l——

OUTPUTS =

A

Vv

bl
-y

10%

MEASUREMENTS:
All circuit delays are measured at the +1.5V level
of inputs and outputs, unless otherwise specified.

| g

NOTE:
Input Pulses C4 and Cp are to bypass Vg to GND.

TIMING DEFINITIONS TIMING DIAGRAM
SYMBOL PARAMETER '

. ’ +3V
trp Propagation delay between LB D(LSV va anv

input and output.

ton Delay between input change
and when output is off (Hi-Z

i ™ VoH
or High). B x 1.5V %VT qiw

toe Delay between input change |

and when output reflects "-Ipu"l _-J

specified output level.
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Programmable logic array (18 x 42 x 10)

PLUS153-10

LOGIC PROGRAMMING OUTPUT POLARITY — (B)

The PLUS153-10 is fully supported by
industry standard (JEDEC compatible) PLD
CAD tools, including Signetics AMAZE, S
SLICE and SNAP design software packages. X
ABEL™ and CUPL™ design software
packages also support the PLUS153-10
architecture.

D——a

All packages allow Boolean and state ACTIVE LEVEL CODE ACTIVE LEVEL CODE

equation entry formats. SNAP, ABEL and “HGHY Low L

CUPL also accept, as input, schematic (NONANVERTING) H (INVERTING)

capture format.

PLUS153-10 logic designs can also be

generated using the program table entry

format, which is detailed on the following

page. This program table entry format is

supported by AMAZE and SLICE only. Both

AMAZE and SLICE design packages are

available, free of charge, to qualified users.

To implement the desired logic functions, the

state of each logic variable from logic

equations (1, B, O, P, etc.) is assigned a

symbol. The symbols for TRUE,

COMPLEMENT, INACTIVE, PRESET, etc.,

are defined below.

AND ARRAY - (I, B)

B LB N} B
LB LB LB LB
184 LB [8:] B
RD P D P D P D
[ STATE [ cooe ] [ STATE [ cope | [ STATE [ cooe | [ STATE [ cooe ]
[ _macnverz | o | | B [ & | [ 18 | [ oowvcare | - |

OR ARRAY - (B) VIRGIN STATE
A factory shipped virgin device contains all
fusible links intact, such that:

P P 1. All outputs are at *H" polarity.
s s 2. All P, terms are disabled.
3.- All P, terms are active on all outputs.
| PasTaTUS | cobE | | Pastatus T cooe |
[ acvel [ a1} [ wecve | e |
NOTES:

1. This is the initial unprogrammed state of all links.
2. Any gate P, will be unconditionally inhibited if both the true and complement of an input (either
| or B) are left intact.

ABEL s atrademark of Data VO Corp.
CUPL is a trademark of Logical Devices, Inc.
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PLUS153-10

POLARITY

200

-] - >
| E :
| —] — 2
| '] =1 hd T
mEEam w
- P ?
1| E :
— = 2
| = 2
(=} o
o o
a 2
. b ®
w w ﬁ
e e
~ =
o hd 2
F hd )
> -
- o~
o~ ©
) -
- Y w
w o
-] ~
~ ©
ruzs ol |ololelafo|rfolal2|=|efe|z]ele]=|z|e]aa|a|c]als |a|s|a ez s la]z |5 (8|2 lz e |a]a|2]2 IWVN
b - -4 & J9VIHVA
T T31vaTA3Y T ¥ 318VL WVHOOUd o) BN 52 peusuzad N “
S1dvd JO H38WNN TV1OL q pinoys Aeife YO oY) U susel jonpaid pesnun o H | HOM ' - | 34vo LNoa
. ‘Hemolwogse | b/ . 7
ﬂ._.m<& Q3ZrnognAS H3NoLsnd pewuresBoud eq pnoys Aeue ONY 84l Ul SUq 8 PUB | pesnun o “JOHINOD u" wa" 1 .mh
(RRXX)FD 7 30/A30 SOLLINDIS ‘Bupieaui-uou g yreiod a0 o o H a1
*(wo) 0. 91B0] & 01 pejind ese soieB ANV IV ® (g | ]FALOVNI ! o[ 3auowvm
# HIQHO ISVHOUNd -cneis peusseaBoucun ot v v| 3Amov X
IWVN HIWOLSND SAON |- R T RE R
HO anv

Programmable logic array (18 x 42 x 10)

Philips Components—Signetics Programmable Logic Devices

PROGRAM TABLE

October 18, 1990
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Programmable logic array (18 x 42 x 10) | PLUS153-10

SNAP RESOURCE SUMMARY DESIGNATIONS

P3q Po Do Dy

?
< DIN153:
0—'—| g )
o SNINTSSC

;Wlﬂ—m
NINT53

il

SEXOR153
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Document No.| 853-0324

ECN No. 00752

Date of Issue |October 18, 1990

Status Product Specification

Programmable Logic Devices

DESCRIPTION

The PLS173 is a two-level logic element
consisting of 42 AND gates and 10 OR
gates with fusible link connections for
programming /O polarity and direction.

All AND gates are linked to 12 inputs (1)
and 10 bidirectional I/O lines (B). These
yield variable I/O gate configurations via
10 direction control gates (D), ranging
from 22 inputs to 10 outputs.

On-chip T/C buffers couple either True -

(I, B) or Complement (1, B) input
polarities to all AND gates, whose
outputs can be optionally linked to all
OR gates. Their output polarity, in turn,
is individually programmable through a
set of EX-OR gates for implementing
AND/OR or AND/NOR logic functions.

The PLS173 is field programmable,
enabling the user to quickly generate
custom patterns using standard
programming equipment.

Order codes for this device are
contained in the pages following.

PLS173

Programmable logic array

(22 x 42 x 10)

FEATURES

® |/O propagation delay: 30ns (max.)
® 12 inputs

® 42 AND gates

® 10 OR gates o

® 10 bidirectional 1/O lines

U Acti\)e-High or -Low outputs

® 42 product terms:

- 32 logic terms
- 10 control terms

o Ni-Cr programmable links

® |nput loading: ~100pA (max.)

® Power diss'ipation: 750mW (typ.)
® 3-State outputs

® TTL compatible

APPLICATIONS
® Random logic

® Code converters

® Fault detectors

® Function generators
® Address mapping

® Multiplexing

202

PIN CONFIGURATIONS

N Package

N = Plastic DIP (300mil-wide)

A Package
I3 12 1l lo Vcc By Bg

N [5] 5] NC
L [6] 23] 87
Is 23] 85
16 ] 22) 85
17 [2] 21] 8y
1 [19] EIEN
Ne 1] [18] NC

[EJCECERT] T
lo lioGND Iy Bg By Bz
A= Plastic Leaded Chip Carrier
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Programmable logic array (22 x 42 x 10) PLS173

LOGIC DIAGRAM

O———— (LOGIC TERMS-P) —— (1 O— (CONTROL TERMS) —0O

&

&
[

Shaananiads

g

o
9

By

Bs

By

Bg

22| Bg

21| By

19| B

18] By

16] B2

{1s|s.

14] By

J1eeveee2d230ssevcibiSesccved Tovoooe D

NOTES:

1. All programmed ‘AND’ gate locations are pulled to logic *1*.
2. All programmed ‘OR’ gate locations are pulled to logic *0".
. Programmable connection.
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Programmable logic array (22 x 42 x 10)

PLS173

FUNCTIONAL DIAGRAM LOGIC FUNCTION
P3q Po Do Dy TYPICAL PRODUCT TERM:
[ PnzA.B.C.D-...
o TYPICAL LOGIC FUNCTION:

U U U
So l.,) { - D
S N NN

AT OUTPUT POLARITY = H
Z=P0+P14P2...

AT OUTPUT POLARITY + L
Z=PO+PI+PZ+...
Z=P0.PT-FZ....

NOTES:

1. For each of the 10 outputs, either function Z
{Active-High) or Z {Active-Low) Is available, but not
both. The desired output polarity is programmed
via the EX-OR gates.

2. ZX, A, B, C, etc. are user defined connections to
fixed inputs (1), and bidirectional pins (B).

ORDERING INFORMATION THERMAL RATINGS
DESCRIPTION ORDER CODE TEMPERATURE
-Pi i -In-Li Maximum junction 150°C
ggof;;ri}.w%senc Dual-In-Line PLS173N J
" Maximum ambient 75°C
28-Pin Plastic Leaded Chip Carrier PLS173A Allowable thermal rise 75°C
ambient to junction
ABSOLUTE MAXIMUM RATINGS! The PLS1731s also rocessed to millay
RATING requirements for operation over the military
temperature range. For specifications and
SYMBOL PARAMETER Min Max UNIT ordering information, consult the Signetics
Voo Supply voltage 7 Voo Military Data Handbook.
Vin Input voltage +5.5 Voc -
Vour Output voltage +5.5 Voc
Iin Input currents -30 +30 mA
lout Output currents +100 mA
Tambo Operating free-air temperature range 0 +75 °C
Tetg Storage temperature range -65 +150 °C
NOTES:

1. Stresses above those listed may cause malfunction or permanent damage to the device. This
is a stress rating only. Functional operation at these or any other condition above those

indicated in the operational and programming specification of the device is not implied.

October 18, 1990
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Programmable logic array (22 x 42 x 10)

PLS173

DC ELECTRICAL CHARACTERISTICS

0°C < Tamp < +75°C, 4.75 < Vg < 5.25V

LIMITS
SYMBOL PARAMETER TEST CONDITIONS MIN | TYPt | Max | uNIT

Input voltage?
Vi Low Vee = MIN 0.8
ViH High Vee = MAX 2.0 \
Vic Clamp? Vee = MIN, Iy = —12mA -0.8 -1.2 v
Output voltage?

Vee = MIN
VoL Low* lo = 15mA 05 \
Vou High® Ion = —2mA 24 v
Input current?

Vee = MAX
n Low Vi = 0.45V ~100 pA
I High Vi =Veo 40 A
Output current

Vee = MAX
loorr) Hi-Z state8 Vout =55V 80 HA

Vour = 0.45V -140
los Short circuit 5.6 Vour =0V -15 -70 mA
lec Ve supply current? Vee = MAX 150 170 mA
Capacitance
Voo = 5V
™ Input VN =20V pF
Cg 1o Vg =2.0V 15 pF
NOTES:

. Testone at a time.

CENOOA BN~

October 18, 1990

. All typical values are at Vgg =5V, Tamp = +25°C.
. All voltage values are with respect to network ground terminal.

205

Measured with inputs V_ applied to I44. Pins 1-5 = OV, Pins 6~10 = 4.5V, Pin 11 =0V and Pin 13 = 10V.
Same conditions as Note 4 except Pin 11 = +10V. ’
Duration of short circuit should not exceed 1 second.

Icc is measured with lp and |y = OV, and I; — |1y and By — Bg = 4.5V. Part in Virgin State.
. Leakage values are a combination of input and output leakage.

. liL and hy limits are for dedicated inputs only (lg — I41).
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Programmable logic array (22 x 42 x 10) PLS173
ACELECTRICAL CHARACTERISTICS
0°C € Tamb S +75°C, 4.75 S Ve £5.25V, Ry =470Q, Ry = 1kQ
TEST LIMITS
SYMBOL PARAMETER FROM TO CONDITION MIN TYP MAX UNIT

tep Propagation delay? Input £ Output + Cy = 30pF 20 30 ns

toe Output enable! Input + Output — CL = 30pF 20 30 ns

top Output disable' Input £ Output + C_ =5pF 20 30 ns
NOTES:

1. For 3-State output; output enable times are tested with C|_ = 30pF to the 1.5V level, and S, is open for high-impedance to High tests and

closed for high-impedance to Low tests. Qutput disable times are tested with C|_ =

5pF. High-

to-High impedance tests are made to an output

voltage of V1 = (Vou — 0.5V) with S; open, and Low-to-High impedance tests are made to the V1 = (Vo + 0.5V) level with Sy closed.
2. All propagation delays are measured and specified under worst case conditions.

VOLTAGE WAVEFORM TEST LOAD CIRCUIT
430V e —
Vee T +5V sy
C4 J‘ l C2 SRy
-[I—]- 01—. %) By T
— | | _l_
- | | Ry :E CL
INPUTS Iy OUT | < ]
0% Bw I y
ov———| |
S"'I-— _.Ism — Bx 8z OUTPUTS ==

MEASUREMENTS:
All circuit delays are measured at the +1.5V level
of inputs and outputs, unless otherwise specified.

Input Puises

NOTE:

C1 and Cp are 1o bypass Ve to GND.

TIMING DEFINITIONS

TIMING DIAGRAM

SYMBOL PARAMETER

tep Propagation delay between
input and output.

too Delay between input change
and when output is off (Hi-Z

or High).

toe Delay between input change
and when output reflects
specified output level.

[~ VoH

-t0p -4 o k- e

October 18, 1990
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Programmable logic array (22 x 42 x 10)

PLS173

LOGIC PROGRAMMING

The PLS173is fully supported by industry
standard (JEDEC compatible) PLD CAD
tools, including Signetics AMAZE, Data I/O
Corporation's ABEL™, and Logical Devices
Incorporated’s CUPL™ design software
packages.

All packages allow Boolean and state
equation entry formats. ABEL and CUPL also
accept, as input, schematic capture format.

PLS173 logic designs can also be generated
using the program table entry format detailed.
on the following pages. This program table
entry format is supported by the Signetics
AMAZE PLD design software (PTP module).
AMAZE is available free of charge to qualified
users.

To implement the desired logic functions, the
state of each logic variable from logic
equations (I, B, O, P, etc.) is assigned a
symbol. The symbols for TRUE, COMPLE-
MENT, INACTIVE, PRESET, etc., are defined
below.

AND ARRAY - (I, B)

OUTPUT POLARITY - (B)

D—s

ACTIVE LEVEL

CODE

HGH!
(NON-NVERTING)

ACTIVE LEVEL CODE

Low
(INVERTING)

LB
LE

LB

P D

LB

PD

| STATE

STATE | cope |

[

STATE

[ cooe | [

STATE

_macvet2 | o | (

1,B | v ]

I,B

DONTCARE [ - |

L | {

OR ARRAY - (B)

[ Pnstatus | cope |
| Acmve! [ a ]

[ Pnstatus

[ cooe |

| INacTVE |

NOTES:

1. Thisis the initial unprogrammed state of all link pairs. Itis normally associated with all unused

(inactive) AND gates Py, D,

2. Any gate Py, D, will be unconditionally inhibited if both the True and Complement of any input

(I, B) are left intact.

ABEL s atrademark of Data O Corp.
CUPL is a trademark of Logical Devices, Inc.
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VIRGIN STATE

A factory shipped virgin device contains all
fusible links intact, such that: '

1. All outputs are at “H" polarity.

2. All P, terms are disabled.

3. All P, terms are active on all outputs.
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ECN No. 00472

Date of Issue |September 20, 1990

Status Product Specification

Programmable Logic Devices

DESCRIPTION

The PLUS173 PLDs are high speed,
combinatorial Programmable Logic
Arrays. The Signetics state-of-the-art
Oxide Isolated Bipolar fabrication
process is employed to produce
propagation delays as short as 12ns.

The 24-pin PLUS173 devices have a
programmable AND array and a

programmable OR array. Unlike PAL ®
devices, 100% product term sharing is
supported. Any of the 32 logic product
terms can be connected to any or all of
the 10 output OR gates. Most PAL ICs

are limited to 7 AND terms per OR
function; the PLUS 173 devices can
support up to 32 input wide OR
functions.

The polarity of each output is user-

programmable as either Active-High or

Active-Low, thus allowing AND-OR or
AND-NOR logic implementation. This
feature adds an element of design

flexibility, particularly when implementing

complex decoding functions.

The PLUS173 devices are user-
programmable using one of several
commercially available, industry
standard PLD programmers.

®PAL s a regi d K of A

d Micro Devices C

PLUS173B/D

Programmable logic arrays

(22 x 42 x 10)

FEATURES

® |/O propagation delays (worst case)
- PLUS173B - 15ns max.
~ PLUS173D - 12ns max.

® Functional supersst of 20L10 and
most other 24-pin combinatorial PAL
devices

© Two programmable arrays

~ Supports 32 input wide OR
functions

® 12 inputs
® 10 bi-directional /O

© 42 AND gates
- 32 logic product terms
- 10 direction control terms

® Programmable output polarity
— Active-High or Active-Low

® Sacurity fuse

® 3-State outputs

® Power dissipation: 750mW (typ.)
® TTL Compatible

APPLICATIONS
© Random logic

o Code converters

~o Fault detectors

® Function generators
o Address mapping
® Multiplexing

209

PIN CONFIGURATIONS
N Package

0[] 24] vee
n 2] 23] Bo
12 3] BS
13 [4] |ale?
u 5] 0] B&
15 [6] 19 B5
16 {7} 18] B4
7 [e 17 B3
18 [16] B2
19 10 [15] B1
1o [n 14] B0
GND [i2] (73] 1

N = Plastic DIP (300mil-wide)

A Package

EREJC|ECTIE

18 110 GNDI1y BO B1 B2
A = Plastic Leaded Chip Carrier
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Programmable logic arrays
 (22x42x10) PLUS173B/D

LOGIC DIAGRAM

B (LOGICTERMS-P) — @ B— (CONTROL TERMS) —H

=

s

s

G

3

AT

&

19 |10

1o

I

BS

87

23] B9

22| B8

= 21| B7

32 20| B6

133 [1] es

13 18] B4

13 [17] es

‘52 16} B2

S1 @Bl

T T 1] 80

3100000024230 00000i6150000003 7e00000 0

NOTES:

1. Al programmed ‘AND" gate locations are pulled to fogic *1”.
rogrammed 'OR’ gate locations are pulled 1o logic 0.
rogrammable connection.
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Programmabie logic arrays

PLUS173B/D
(22 x 42 x 10)
FUNCTIONAL DIAGRAM
P31 PO Do D9
o1
|
| .
A ]
|
| A4
{ )
m o—l—{:? ‘L
BO -
BY
s B T ; BY
] | > T
| |
! |
|
- Do
X0
ORDERING INFORMATION THERMAL RATINGS
DESCRIPTION tpp (MAX) ORDER CODE TEMPERATURE
24-Pin Plastic DIP 300mil-wide 15ns PLUS173BN Maximum junction 150°C
24-Pin Plastic DIP 300mil-wide 12ns PLUS173DN Maximum ambient 75°C
28-Pin Plastic Leaded Chip Carrier 15ns PLUS173BA Allowable thermal rise 75°C
28-Pin Plastic Leaded Chip Carrier 12ns PLUS173DA ambient to junction
ABSOLUTE MAXIMUM RATINGS?
RATING
SYMBOL PARAMETER MIN MAX UNIT
Vee Supply voltage +7 Voe
Vin Input voltage +5.5 Voc
Vour Output voltage +55 Ve
I Input currents -30 +30 mA
lout Output currents +100 mA
Tamb Operating free-air temperature range 0 +75 °C
Teig Storage temperature range -65 +150 °C
NOTES:

1. Stresses above those listed may cause malfunction or permanent damage to the device. This
is a stress rating only. Functional operation at these or any other condition above those

indicated in the operational and programming specification of the device is not implied.

September 20, 1990
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Programmable logic arrays

(22 x 42 x 10)

PLUS173B/D

DC ELECTRICAL CHARACTERISTICS

0°C £ Tamp S +75°C, 4.75 < Ve £ 5.25V

LIMITS
SYMBOL PARAMETER TEST CONDITIONS MIN | TYP? | MAX - UNIT

Input voltage?
Vi Low Vee = MIN 08 v
Vin High Vee = MAX 20 v
Vie Clamp Vee = MIN, Iy = —12mA 08 | -12 Y
Output voltage?

Voo = MIN
VoL Low* loL = 15mA 0.5 v
Vou Hight lon = —2mA 24 v
Input current?®

Vee = MAX
I Low Vi = 0.45V -100 pA
i High Vi =Vee 40 HA
Output current

Veg = MAX
lo(orF) Hi-Z state® Vour = 2.7V 80 pA

Vour = 0.45V ~140

los Short circuit3 56 Vour =0V -15 -70 mA
lec Veg supply current’ Vee = MAX 150 200 mA
Capacitance

Voo =5V
In Input Viy =20V 8 pF
Cg /0 Vg =2.0V 15 pF

NOTES:

. Test one ata time.

same conditions except 111 = OV.

©CENON AP

September 20, 1990

. All typical values are at Vg = 5V, Tamp = +25°C.
. All voltage values are with respect to network ground terminal.

Same conditions as Note 4 except input 111 = +10V.

. Duration of short circuit should not exceed 1 second.

. lec is measured with inputs 10 — 111 and BO — B9 = OV. Part in Virgin State.
Leakage values are a combination of input and output leakage.

. i and Iy limits are for dedicated inputs only (10 —111),

212

Measured with inputs 0 — 14 = 0V, inputs I5 19 = 4.5V, 111 = 4.5V and 119 = 10V. For outputs BO — B4 and for outputs B5 — B9 apply the
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Programmable logic arrays
(22 x 42 x 10) ' PLUS173B/D

AC ELECTRICAL CHARACTERISTICS
0°C < Tamp S +75°C, 4.75 < Ve £ 5.25V, Ry = 300Q, R, = 390Q

LIMITS
SYMBOL PARAMETER FROM TO TEST PLUS173B PLUS173D UNIT
CONDITION | MIN | TYP | MAX | MIN-| TYP | MAX
tep Propagation Delay? | Input+/~ | Output+/— | Ci=30pF 1 15 10 12 ns
toe Output Enable! Input +/~ Output - Cy =30pF 1 15 10 12 ns
too Output Disable! Input +/— Output + Cy =5pF 1 15 10 12 ns

NOTES:
. For 3-State outputs; output enable times are tested with C__ = 30pF to the 1.5V level, and S, is open for high-impedance to High tests and
closed for high-impedance to Low tests. Output disable times are tested with C = 5pF. High-to-High impedance tests are made to an output
voltage of V1 = (Vou — 0.5V) with S, open, and Low-to-High impedance tests are made to the V1 = (Vo + 0.5V) leval with S, closed.

2. All propagation delays are measured and specified under worst case conditions.

VOLTAGE WAVEFORM TEST LOAD CIRCUIT

430V —

S SRR i
43,0V |
INPUTS I ouT
oT—*8y
) 10% |

Ve T +5V $1

ov OJ_P Bm Bz
5m| ¢ 5ns GND OUTPUTS —
MEASUREMENTS: J‘='-
All drcuit delays are measured at the +1.5V level NOTE:

of inputs and outputs, uniess otherwise spacilied. C1 and Cp are to bypass VGG to GND.

Input Pulses Test Load Circuit
TIMING DEFINITIONS TIMING DIAGRAM
SYMBOL PARAMETER
43V
tro Propagation delay between ,B 3{1& X:.sv 1.5V
input and output. ov
ton Delay between input change

and when output is off (Hi-Z v
i OH
or High). 8 }{,'s\, 7\“‘“ \&s_‘,
toe Delay between input change ..I ..I l-_ VoL
and when output reflects :
specified output level. AL F-ton itos

September 20, 1990 213



Philips Components-Signetics Programmable Logic Devices

Product Specfication

Programmable logic arrays

(22 x 42 x 10)

PLUS173B/D

LOGIC PROGRAMMING

The PLUS173 series is fully supported by
industry standard (JEDEC compatible) PLD
CAD tools, including Signetics AMAZE,

SLICE and SNAP design software packages.

ABEL™ and CUPL™ design software
packages also support the PLUS173
architecture.

All packages allow Boolean and state
equation entry formats. SNAP, ABEL and
CUPL also accept, as input, schematic
capture format.

PLUS173 logic designs can also be
generated using the program table entry
format, which is detailed on the following
page. This program table entry format is
supported by AMAZE and SLICE only. Both
AMAZE and SLICE design packages are
available, free of charge, to qualified users.

To implement the desired logic functions, the
state of each logic variable from logic
equations (I, B, O, P, etc.) is assigned a
symbol. The symbols for TRUE,
COMPLEMENT, INACTIVE, PRESET, etc.,
are defined below.

AND ARRAY - (|, B)

OUTPUT POLARITY — (B)

ACTIVE LEVEL

CODE

HGH!
NON-NVERTING)

ACTIVE LEVEL CODE

LOW
(INVERTING)

8
LB LB
L8

PD

RD

LB
LB

LB LB

PD

| " smare T copE |

| smmE

] cooe |

[ smate

] cooE | [ s [ cooe ]

[_macnve™2 | o} [

1B

|__DpONTcARE

OR ARRAY - (B)

VIRGIN STATE

| Pnstatus | cope |

| acmvel T A

[

Py, STATUS

[ cooe ]

INACTIVE |

* |

A factory shipped virgin device contains all
fusible links intact, such that:
1. All outputs are at *H" polarity.

2. All P, terms are disabled.

3. All P, terms are active on all outputs.

NOTES:

1. Thisis the initial unprogrammed state of all link pairs. Itis normally associated with all unused

(inactive) AND gates Py, Dy,

2. Any gate Py, Dy, will be unconditionally inhibited if both the true and complement of any input

(I, B) are left intact.

ABEL is atrademark of Data VO Corp.
CUPL is a trademark of Logical Devicss, Inc.

September 20, 1990

214



Product Specfication

PLUS173B/D

Programmable logic arrays

(22 x 42 x 10)
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Programmable logic arrays
(22 x 42 x 10) PLUS173B/D

SNAP RESOURCE SUMMARY DESIGNATIONS
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ECN No. 99372
Date of Issue | April 17, 1990

Status Product Specification

Programmable Logic Devices

DESCRIPTION

The PLUS173-10 PLD is a high speed,
combinatorial Programmable Logic
Array. The Signetics state-of-the-art
Oxide Isolated Bipolar fabrication
process is employed to produce
maximum propagation delays of 10ns or
less.

The 24-pin PLUS173-10 device has a
programmable AND array and a
programmable OR array. Unlike PAL®
devices, 100% product term sharing is
supported. Any of the 32 logic product
terms can be connected to any or all of
the 10 output OR gates. Most PAL ICs
are limited to 7 AND terms per OR
function; the PLUS173-10 device can
support up to 32 input wide OR
functions.

The polarity of each output is user-
programmable as either Active-High or
Active-Low, thus allowing AND-OR or
AND-NOR logic implementation. This
feature adds an element of design
flexibility, particularly when implementing
complex decoding functions.

The PLUS173-10 device is user-
programmable using one of several
commercially available, industry
standard PLD programmers.

PLUS173-10

Programmable logic array

(22 x 42 x 10)

FEATURES
® |/O propagation delays
- 10ns (worst case)

® Functional superset of 20L10 and

most other 24-pin combinatorial PAL

devices

® Two programmable arrays

— Supports 32 input wide OR
functions

® 12 inputs
® 10 bi-directional /'O

® 42 AND gates
- 32 logic product terms
— 10 direction control terms

® Programmable output polarity
- Active-High or Active-Low
® Security fuse
® 3-State outputs
® Power dissipation: 825mW (typ.)
® TTL Compatible

APPLICATIONS
® Random logic

® Code converters

® Fault detectors

® Function generators
® Address mapping

® Multiplexing

®PAL Is a registered trademnark of Advanced Micro Devices Corporation.
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N = Plastic DIP (300mik-wide)

PIN CONFIGURATIONS
N Package

o [7] ~ E Vee
1 [2] 23] B9
12 [3] 2] B8
13 [4] [21] B7
1[5 [20] BS
15 (6] [19] BS
16 [7] 18] B4
17 [} [17] B3
18 [9] [16] B2
19 10| 15) B1
ho ] 1] B0
GND ::] E] m

A Package

13 12 1 K Vec B9 B
e [5] b [25] Ne
u[6] 24] B7
15 7] 23] B6
16 [2] [22] B5
17 [9] 21] B4
18 o} [20] B3
Ne [11] [19] NC

o T G T T [

19 110 GNDI11 BO
A = Plastic Leaded Chip Carrier

B1 B2
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Programmable logic array
(22 x 42 x 10) . PLUS173-10

LOGIC DIAGRAM

B————— (LOGICTERMS-P) ——————— 1 [O— (CONTROL TERMS) —83

-]

s

s

&

=

FHEETTIE

5

19|10

o |1

21| B7

£ 20| BS

19| BS

18| B4

17| B3

16| B2

14| BO

3100000924230 0000s16150 000008 700000 Oxo

NOTES:

1. Ali programmed ‘AND" gate locations are pulled 1o logic *1*.
2. All programmed "OR’ gate locations are pulled to logic *0".
3. . Programmable connection.

April 17, 1990 218



Philips Components—Signetics Programmable Logic Devices Product Specification

- Programmable logic array
(22 x 42 x 10) PLUS173-10
FUNCTIONAL DIAGRAM

|
|
I:
m O—l——k (~

Q.__

U U U
0 —41 > E S

|

|

|
—Loao

- Dh———
X0
ORDERING INFORMATION THERMAL RATINGS
DESCRIPTION tpp (MAX) ORDER CODE TEMPERATURE

24-Pin Plastic DIP 300mil-wide 10ns PLUS173-10N Maximum junction 150°C

28-Pin Plastic Leaded Chip Carrier 10ns PLUS173-10A Maximum ambient 75°C
ABSOLUTE MAXIMUM RATINGS' Al 7%

RATING
SYMBOL PARAMETER Min Max UNIT

Vee Supply voltage +7 Voc

Vin Input voltage . +55 Ve

Vour . Output voltage . +5.5 Ve

Iin Input currents -30 +30 mA

lout Output currents +100.0 mA

Tamo Operating free-air temperature range 0 +75 °C

Teyg Storage temperature range -65 +150 °C

NOTES:

1. Stresses above those listed may cause malfunction or permanent damage to the device. This
is a stress rating only. Functional operation at these or any other condition above those
indicated in the operational and programming specification of the device is not implied.
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Programmable logic array

(22 x 42 x 10)

PLUS173-10

DC ELECTRICAL CHARACTERISTICS

0°C < Tamp < +75°C, 4.75 < Ve £5.25V

umMmITs
SYMBOL PARAMETER TEST CONDITIONS MIN I TYP! l MAX UNIT
Input voltage?
Vi Low Vee = MIN 0.8 v
Vi High Ve = MAX 2.0 v
Vie Clamp Ve = MIN, Iy = —12mA 08| -12 v
Output voltage?
Voo = MIN
Vou Low* lo = 15mA 0.5 \"
Vor High® lop = —2mA 24
Input current?
Voo = MAX
I Low VN = 0.45V -100 RA
In High Viv=Veo 40 pA
Output current
Veg = MAX
loor) Hi-Z state® Vour =2.7V 80 pA
Vour = 0.45V —140
los Short circuit® 56 Vour =0V -15 -70 mA
lec Ve supply current? Vee = MAX 165 -| 210 mA
Capacitance }
Ve =5V
In - Input Vin = 2.0V 8 pF
Ca 1o V=20V 15 pF
NOTES:

. Test one at a time.

same conditions except |11 = OV.

CENOU ARWON=

April 17, 1990

. All typical values are at Vg = 5V, Tamy = +25°C.
. All voltage values are with respect to network ground terminal.

Same conditions as Note 4 except input 111 = +10V.

. Duration of short circuit should not exceed 1 second.

Icc is measured with inputs 10 —111 and BO — B9 = OV. Part in Virgin State.
. Leakage values are a combination of input and output leakage.

. i and Iy limits are for dedicated inputs only (10 - I;4).

220

. Measured with inputs 10 - 14 = 0V, inputs 15 — 19 = 4.5V, [11 = 4.5V and 110 = 10V. For outputs BO — B4 and for outputs BS — B9 apply the
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Programmable logic array
(22 % 42 x 10) PLUS173-10

AC ELECTRICAL CHARACTERISTICS
0°C < Tamp € +75°C, 4.75 < Vo £ 5.25V, Ry = 300Q, Ry = 390Q

TEST LIMITS
SYMBOL PARAMETER FROM TO CONDITION MIN TYP MAX UNIT
trp Propagation Delay? Input +/— Output +/- C( = 30pF 8 10 ns
toE Output Enable’ Input +/— Output — CL = 30pF 8 10 ns
too Output Disable’ Input +/— Output + Cp = 5pF 8 10 ns

NOTES:

1. For 3-State outputs; output enable times are tested with C = 30pF to the 1.5V level, and S; is open for high-impedance to High tests and
closed for high-impedance to Low tests. Qutput disable times are tested with C{ = SpF. High-to-High impedance tests are made to an output
voltage of V1 = (Vo — 0.5V) with Sy open, and Low-to-High impedance tests are made to the V1 = (VgL + 0.5V) level with S closed.

2. All propagation delays are measured and specified under worst case conditions.

VOLTAGE WAVEFORM TEST LOAD CIRCUIT

430V — - ——

veef 1Y sy

LT o

|
]
>

| RS
DUt | <
n
Bm | )

|

GND OUTPUTS —=

<

INPUTS

MEASUREMENTS:
All circuit delays are measured at the +1.5V level NOTE:

of inputs and outputs, unless otherwise specified. C1 and C; are to bypass Vo to GND.

Input Pulses Test Load Circuit
TIMING DEFINITIONS TIMING DIAGRAM
SYMBOL PARAMETER
tp Propagation delay between LB 1.5V anv anv o
input and output. ov
too Delay between input change l

and when output is off (Hi-Z

or High). 8 thv 7}[\” % VoH
_.I .

toe Delay between input change
and when output reflects
specified output level.

tpp
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Programmable logic array
(22 x 42 x10)

PLUS173-10

LOGIC PROGRAMMING OUTPUT POLARITY - (B)

The PLUS173-10 is fully supported by
industry standard (JEDEC compatible) PLD )
CAD tools, including Signetics AMAZE, s
SLICE and SNAP design software packages. X
ABEL™ and CUPL™ design software
packages also support the PLUS173-10
architecture.

D—n

All packages allow Boolean and state ACTIVE LEVEL CODE ACTIVE LEVEL CODE

equation entry formats. SNAP, ABEL and HGH! Low R

CUPL also accept, as input, schematic (NONANVERTING) H (INVERTING)

capture format.

PLUS173-10 logic designs can also be

generated using the program table entry

format, which is detailed on the following

page. This program table entry format is

supported by AMAZE and SLICE only. Both

AMAZE and SLICE design packages are

available, free of charge, to qualified users.

To implement the desired logic functions, the . )

state of each logic variable from logic

equations (), B, O, P, etc.) is assigned a

symbol. The symbols for TRUE,

COMPLEMENT, INACTIVE, PRESET, etc.,

are defined below.

AND ARRAY - (I, B)

] LB 1B 1,B
B LB LB LB
LB LB LB B
RD PD PD RD
[ STATE [ cooe ] [ STATE [ cope | | STATE | cooe | [ STATE ] cobe ]
U macnvet2 | o | [ 8B | v | 1,8 || [ _pontcare | - ]

OR ARRAY - (B) VIRGIN STATE
A factory shipped virgin device contains all
fusible links intact, such that:

P P 1. All outputs are at *H" polarity.
s s 2. Al P, terms are disabled.
3. All P, terms are active on all outputs.
[ Pystatus T copeE | [ Pastatus T copE |
[ Tacwve a7 [ mnactive [ e ]

NOTES:

1. Thisis the initial unprogrammed state of all link pairs. [tis normally associated with all unused
(inactive) AND gates P, D,.

2. Any gate Py, D, will be unconditionally inhibited if both the true and complement of any input
(I, B) are leftintact.

ABEL Is atrademark of Data VO Com.
CUPL Is a trademark of Logical Devices, Inc.
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Programmable logic array

(22 x 42 x 10)

PLUS173-10

PLA PROGRAM TABLE

POLARITY
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Product Specification

Programmable logic array

(22 x 42 x 10)

PLUS173-10

SNAP RESOURCE SUMMARY DESIGNATIONS

P

Po Do Dy

April 17, 1990
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Philips Components-Signetics

Document No.| 853-0308 PLS1 00 / PLS1 01
ECNTo. {5088 Programmable logic arrays
Date of Issue |May 11, 1988
Status Product Specification (1 6 X 48 X 8)
Programmable Logic Devices

DESCRIPTION FEATURES PIN CONFIGURATIONS
The PLS100 (3-State) and PLS101 ® Field-programmable (Ni-Cr link)

(Open Collector) are bipolar, fuse ol iables: 16 N Package
Programmable Logic Arrays (PLAs). nput variables: 1 .

Each device utilizes the standard ® Output functions: 8 Fe 1] 22| Vee
AND/OR/Invert architecture to directly . . w [Z] 27] 18
implement custom sum of product Product term-s. 48 1s [3] 26] 19
equations. ® |/O propagation fielay: 50ns (max.) s 3] 23] 1o
Each device consists of 16 dedicated © Power dissipation: 600mW (typ.) u 3] 24] 11
inputs and 8 dedicated outputs. Each ® Input loading: —100uA (max.) 13 6] 23] 112
output is capable of being actively i X 12 [7] 22] 113
controlled by any or all of the 48 product ® Chip Enable input " [E ok
terms. The True, Complement, or Don’t e Qutput option: o 3] [20] 115
Ca(n;ebcc>;\1;\ililt)ior(\1 ttaf ea:]h o: the 16 i{\puts — PLS100: 3-State F ) e
and be ed together to comprise one _ . g

P-term. All 48 P-terms can be PLS1O_1 +Open Co.llemor Fs [1] 2] Fo
selectively ORed to each output. © Output disable function: Fs [12 7] F1
The PLS100 and PLS101 are fully TTL = 3-State: Hi-Z . ' F4 113 5] 2
compatible, and chip enable control for = Open-Collector: High ) GND [14 5] Fs

éxpansion of input variables and output
inhibit. They feature either Open
Collector or 3-State outputs for ease of
expansion of product terms and
application in bus-organized systems.

* Fuse Enable Pin: It is recommended that this pin
be left open or connected to ground during normal

APPLICATIONS operation.
o CRT display systems N = Plastic DIP (600mil-wide)

® Code conversion
Order codes are listed in the Ordering

. ® Paripheral controllers
Information Table.

® Function generators

® | ook-up and decision tables

uls
® Microprogramming i 5]
® Address mapping 12 7]
® Character generators ) 1 3]
* Dat ity encod e

ata security encoders -
® Fault detectors Fo @

® Frequency synthesizers
® 16-bit to 8-bit bus interface
® Random logic replacemant

A = Plastic Leaded Chip Carrier
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Philips Components—Signetics Programmable Logic Devices

Product Specification

Programmable logic arrays
(16 x 48 x 8)

PLS100/PLS101

LOGIC DIAGRAM

(LOGIC TERMS-P)
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5
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=
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=
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|

47evececlIeseesel2INecence 20Bssvnse 16156000008 7Teoeooe 0

NOTES:

1. All AND gate Inputs with a blown link float to a logic *1*.
All OR gate Inputs with a blown fuse float to logic "0".

s Programmable connection.

May

11, 1988
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Programmable logic arrays PLS101
(16 x 48 x 8) PLS100/PLS10
FUNCTIONAL DIAGRAM

TYPICAL CONNECTION

L

TYPICAL CONNECTION

000

Ds"_—_)D__ o

D>

] f‘\é
37

1" .

ORDERING INFORMATION

DESCRIPTION 3-STATE OPEN COLLECTOR
28-Pin Plastic Dual In-Line 600mil-wide PLS100N PLS101N
28-Pin Plastic Leaded Chip Carrier PLS100A PLS101A

ABSOLUTE MAXIMUM RATINGS!

SYMBOL PARAMETER RATINGS UNIT
Vee Supply voltage +7.0 Voe
Vin Input voltage +5.5 Voc
Vo Output voltage +55 Voc
Iin Input current . 130 mA
lout Output current +100 mA
Tamb Operating temperature range 0to+75 °C
T Storage temperature range —65 to +150 °C

NOTE:

1. Stresses above those listed may cause malfunction or permanent damage to the device. This
isastress rating only. Functional operation atthese orany other conditions above those indicated
in the operational and programming specification of the device is not implied.

THERMAL RATINGS
TEMPERATURE
Maximum junction 150°C
Maximum ambient 75°C

Allowable thermal rise '

ambient to junction 75°C

May 11, 1988

The PLS100 device is also processed to
military requirements for operation over the
military temperature range. For specifications
and ordering information consult the Philips
Components-Signetics Military Data
Handbook.
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Programmable logic arrays

(16 48 x 8) PLS100/ PLS101
DC ELECTRICAL CHARACTERISTICS
0°C S Tamp S +75°C, 4.75V S Voo £ 6.25V
LIMITS
SYMBOL | PARAMETER TEST CONDITIONS MIN TYP! MAX UNIT
Input voltage?
Vi High Vee = MAX ) 20 : ) v
Vi Low Vee = MIN 08 v
Vic Clamp? Vee = MIN, Iy = -12mA -0.8 -1.2 \
Output voltage?
Vee=MIN
Vou High (PLS100)* lon =—-2mA 24 v
Vou Lows loL = 9.6mA 0.35 0.45 v
Input current
Iy High ViN=5.5V <1 25 pPA
I Low Viy = 0.45V ‘ -10 -100 pA
Output current
lojorr) Hi-Z state (PLS100) TE = High, Vg = MAX
Vour = 5.5V 1 40 MA
Vour = 0.45V ~1 —40 PA
los Short circuit (PLS100) 3.8 CE = Low, Voyr = 0V —-15 -70 mA
lec . Ve supply current” Vee = MAX 120 170 mA
Capacitance
CE = High, Vec = 5.0V
CiN Input : ViN=2.0V 8 pF
Cour Qutput Vour = 2.0V 17 pF
NOTES:
1. All typical values are at Veg = 5V, Tamp = +25°C.
2. All voltage values are with respect to network ground terminal.
3. Testone pin at a time.
4. Measured with V,_applied to TE and a logic high stored.
5. Measured with a programmed logic condition for which the output test s at a low logic level. Output sink current is applied through a resistor

to Vce.
. Duration of short circuit should not exceed 1 second.
. lcc is measured with the Chip Enable input grounded, all other inputs at 4.5V and the outputs open.

~NO

May 11, 1988 . 228
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Programmable logic arrays
(16 x 48 x 8) PLS100/ PLS101

AC ELECTRICAL CHARACTERISTICS
0°C < Tamp < +75°C, 4.75 < Ve < 5.25V, Ry = 470Q, Ry = 1kQ

. LIMITS
SYMBOL PARAMETER TO FROM MIN TYP? MAX UNIT

Propagation delay?

tp Input Output Input 35 50 ns
tce Chip Enable3 Output Chip Enable 15 30 ns
Disable time

tco Chip Disable® Output | ChipEnable [ s 30 ns

NOTES:

1. All typical values are at Vg = 5V. Tamp = +25°C.

2. All propagation delays are measured and specified under worst case conditions.

3. For 3-State output; output enable times are tested with C| = 30pF to the 1.5V level, and S, is open for high-impedance to High tests and
closed for high-impedance to Low tests. Output disable times are tested with C|_ = 5pF. High-to-High impedance tests are made to an output
voltage of V1 = (Vou — 0.5V) with S; open, and Low-to-High impedance tests are made to the Vt = (VoL + 0.5V) level with S; closed.

VOLTAGE WAVEFORMS TEST LOAD CIRCUIT

43,0V —

Vee T +5V Sy

lo Fo [T
. | | |
| | R2 :: CL
INPUTS »liis DuT | 9
10% ; _j
—J I-— —»l o———{ TE F; —;b
Sne Sne GND 7 OUTPUTS —

MEASUREMENTS: _.L

All circuit delays are measured at the +1.5V level of =

inputs and outputs, unless otherwise specified. NOTE:

Input Pulses C4 and C; are to bypass Vo to GND.
TIMING DEFINITIONS - TIMING DIAGRAM

SYMBOL PARAMETER - +3.0V
tce Delay between beginning of INPUT ><|.sv ov

Chip Enable Low (with Input
valid) and when Data Output

becomes valid. — 43.0V
- TE 1.5V % 1.5V
tco Delay between when Chip

o
Enable becomes High and
Data Output is in off state tce "—'CD —-I ‘

v
Hi-Z or High). VoH
(2 or Fh r-r 7 o
tep Delay between beginning of — — VoL

valid Input (with Chip Enable le—— tpp
Low) and when Data Qutput
becomes valid. Read Cycle

May 11, 1988 229
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Product Specification

Programmable logic arrays

(16 x 48 x 8)

PLS100/PLS101

LOGIC PROGRAMMING
PLS100/PLS101 is fully supported by
industry standard (JEDEC compatible) PLD
CAD tools, including Signetics’ AMAZE,
Data I/O Corporation's ABEL and Logical
Devices Inc.’s CUPL design software -
packages.

OUTPUT POLARITY - (F)

All packages allow Boolean and state
equation entry formats. ABEL and CUPL also
accept, as input, schematic capture format.

PLS100/PLS101 logic designs can also be
generated using the program table entry
format detailed on the following pages. This
program table entry format is supported by
the Signetics’ AMAZE PLD design software

(PTP module). AMAZE is available free of
charge to qualified users.

_ To implement the desired logic functions, the

state of each logic variable from logic
equations (I, B, O, P, etc.) is assigned a
symbol. The sumbols for TRUE,
COMPLEMENT, INACTIVE, PRESET, etc.,
are defined below. oo

s " s
- X
- ACTIVE LEVEL CODE ACTIVE LEVEL CODE
LOW ° L HGHT "
(NVERTING) (NONANVERTING)
“AND” ARRAY - (1)
1 1 1 1
1 ' [ '
1 I T T
P P P P
[ STATE | cope | [ STATE | cooe | | STATE | cooe | | STATE | cooe |
[_mvacve2 | o | [ 1 1w | | | [ v ] [ oonteare | - |
“OR” ARRAY - (F)
P P
s s
[ Pnstatus | coDE | [ Pastatus” [ cope |
[ acnvel' T A ] [mwacave | e |

NOTES:

1. This is the initial unprogrammed state of all links. It is normally associated with all unused

(inactive) AND gates Py,

2. Any gate P, will be unconditionally inhibited if any one of its (1) link pairs is left intact.

VIRGIN STATE

The PLS100/101 virgin devices are factory

shipped in an unprogrammed state, with all

fuses intact, such that: -

1. All P, terms are disabled (inactive) in the
AND array.

2. All P, terms are active in the OR array.
3. All outputs are Active-High.

May 11, 1988
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CUSTOMER NAME PROGRAM TABLE ENTRIES
INPUT VARIABLE OUTPUT FUNCTION OUTPUT ACTIVE LEVEL
PURCHASE ORDER #
I I Don't Prod. Term Prod. Term Not Active Active
SIGNETICS DEVICE # CF (XXXX) m m on'tCare  prosentin Fp Presentin Fp High Low
CUSTOMER SYMBOLIZED PART #__ H L ~ (dash) A ® (period) H L
NOTE NOTES NOTES
TOTAL NUMBER OF PARTS Enter (-) for unused inputs 1. Entries independent of output polarity. 1. Polarity programmed once only.
PROGRAM TABLE # REV DATE of used P-terms. 2. Enter (A) for unused outputs of used P-terms. 2. Enter (H) for all unused outputs.
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Philips Components-Signetics

Programmable Logic Devices

Section 5
Programmable Logic
Sequencer Device
Data Sheets

INDEX

Series 20
PLS155 Programmable Logic Sequencer (16 X 45 x 12); 14MHz ...
PLS157 Programmable Logic Sequencer (16 X 45 x 12); 14MHz ...
PLS159A Programmable Logic Sequencer (16 X 45 x 12); 18MHz ...
Series 24
PLS167/A Programmable Logic Sequencers (14 X 48 X 6); 14, 20MHz .
PLS168/A Programmable Logic Sequencers (12 x 48 x 8); 14, 20MHz .
PLS179 Programmable Logic Sequencer (20 x 45 X 12); 18MHz ...
PLC42VA12 CMOS Programmable Multi-function PLD

(42%x105%x12);25MHz .. ........... e
Series 28
PLC415-16 CMOS Programmable Logic Sequencer

(17x68%x8);16MHz . ...t
PLS105/A Programmable Logic Sequencers (16 X 48 x 8); 14, 20MHz .
PLUS105-45  Programmable Logic Sequencer (16 x 48 X 8); 45MHz . ...
PLUS105-55  Programmable Logic Sequencer (16 X 48 X 8); 55MHz . ...
PLUS405-37/-45

Programmable Logic Sequencers (16 X 64 x 8); 37, 45MHz .

PLUS405-55  Programmable Logic Sequencer (16 X 64 X 8); 55MHz . ...

235
246
257

267
278
289

299

319
339
350
363

376
392






Philips Components-Signetics

PLS155

Programmable logic sequencer
(16 x 45 x 12)

Document No.|853-0317
ECN No. 93255
May 11, 1988

Date of Issue

Status

Product Specitication

Programmable Logic Devices

DESCRIPTION gates (L), steering inputs (1), (B), (Q) PIN CONFIGURATIONS
The PLS155 is a 3-State output, and programmable output select lines
registered logic element combining (E). N Package
AND/OR gate arrays with clocked J-K The PLS155 is field

N . programmable, [\ ]
1I|p-flogs. These J-K.ﬂlp-ﬂops are enabling the user to quickly generate ck [1] [20] vee
dynamically convertible to D-type via a . 1o (2] [19] By
“fold-back” i ing buff d | custom patterns using standard

old-back” inverting bu er and contro programming equipment. 1y 3] 5] B
gate Fg. It features 4 registered /0 ) 12 (5] 7]
outputs (F) in conjunction with 8 Order codes are listed in the Ordering i G ) F
bidirectional /O lines (B). These yield Information Table.

i : By [6] 15] £y
variable I/O gate and register
configurations via contro! gates (D, L) By (7] 4] Fo
ranging from 16 inputs to 12 outputs. 8, [g] 73] Bs
FEATURES

The AND/OR arrays consist of 32 logic u MH 8 [o] 2] B
AND gates, 13 control AND gates, and fuax = 14MHz GNo [ig] 11] oE
21 OR gates with fusible link — 18.2MHz clock rate N = Plastic DIP (300rmi-wide)

connections for programming 1/O
polarity and direction. All AND gates are
linked to 4 inputs (1), bidirectional I/O
lines (B), internal flip-flop outputs (Q),
and Complement Array output (C). The
Complement Array consists of a NOR
gate optionally linked to all AND gates
for generating and- propagating
complementary AND terms.

On-chip T/C buffers couple either True
(1, B, Q) or Complement (I, B, Q, T)
input polarities to all AND gates, whose
outputs can be optionally linked to all
OR gates. Any of the 32 AND gates can
drive bidirectional I/O lines (B), whose
output polarity is individually
programmable through a set of Ex-OR
gates for implementing AND-OR or
AND-NOR logic functions. Similarly, any
of the AND gates can drive the J-K
inputs of all flip-flops. The Asynchronous
Preset and Reset lines (P, R), are driven
from the OR matrix.

All tlip-flops are positive edge-triggered
and can be used as input, output or /O
(for interfacing with a bidirectional data
bus) in conjunction with load control

© Field-Programmable (Ni-Cr link)
® 4 dedicated inputs

© 13 control gates

© 32 AND gates

© 21 OR gates

® 45 product terms:
— 32 logic terms
—~ 13 control terms

® 8 bidirectional /O lines

® 4 bidirectional registers

e J-K, T, or D-type flip-flops

® Asynchronous Preset/Reset
® Complement Array

® Active-High or -Low outputs
® Programmable OE control

@ Positive edge-triggered clock
@ Input loading: —100pA (max.)
® Power dissipation: 750mW (typ.)
® TTL compatible

® 3-State outputs

235

A Package

B3 GND OE By Bs

A = Plastic Leaded Chip Carrier

Bl [ B E &

Bg
F3
F2
Fq

APPLICATIONS
® Random sequential logic

® Synchronous up/down counters

® Shift registers

© Bidirectional data buffers

® Timing function generators

® System controllers/synchronizers

® Priority encoder/registers
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Programmable logic sequencer (16 x 45 x 12) PLS155

LOGIC DIAGRAM

W——————— (LOGIC TERMS-T) B (CONTROL TERMS) ——x—H

AEUE

2

=
A

i

) C
D:

CS o

2

2 o

z 15

~: . o

ST
|2 aw

+C

m
>

B7

B6

-

CHEFEEEEE
3

BS

B3

B1

Rs
Pg

F3

.
-
3

Ra

Pa

¥
A

T T T
Jeossse2i2decvreetbiSeseceed Tassons 0 F o o——{1] e

NOTES:

1. All OR gate Inputs with a blown link float to logic *0".

2. All other gates and contro! inputs with a blown link float to logic *1".
3. @ denotes WIRE-OR.

4, Programmable connection.
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Product Specification

Programmable logic sequencer (16 x 45 x 12)

PLS155

FUNCTIONAL DIAGRAM
(LOGIC TERMS) (CONTROL TERMS) E
L p - oE
Sl p =
= 5
g P
U-0C JO |[C
c
B
S
2D H—a
R N
L/
P N
L/ l
F
D——of7 Por—0
M- ")
D O—01K €K
T3y To Fc ;7
FLIP-FLOP TRUTH TABLE LOGIC FUNCTION

OFE |[L CK P R J K|Q]| F
H Hi-Z
L X X HLXX|H|] L
L X X L HX X|L| H
L [L T LLLL|jal O
L jL T L L L H[L| H
L [t T L LHLH|L
L {[L T L LHHIG| a
H |[H T L L L H|L| H
H |H T L LHLIH} L
+10V[X T X X L H|L|H"
X T X X H L|H} L
NOTES:
1. Positive Logic:
FK=To+T14+Toeererreiniiannnns Tat
Tq =g~ (lo-li-12..)- (Qo-Qq...)-

AT

~By- .
denotes transition from Low to High level.

. X =Don'tcare
. *=Forced at F,, pin for loading the J-K

flip-flop in the Input mode. The load
control term, L, must be enabled (HIGH)
and the p-terms that are connected to the
associated flip-flop must be forced LOW
(disabled) during Preload.

. AtP =R =H, Q= H. The final state of Q

depends on which is released first.

. **=Forced at F, pin to load J-K flip-flop

independent of program code (Diagnostic
mode), 3-State B outputs.

May 11, 1988

Q3 Q2 Q1 Qo

[+To]+Te] (sn) erestrse

STATE REGISTER X:B-C-...

([ [ 1] &) verome

SETQp: Jg=(Q3* G- Qy-Tg)-X-B-C...
Kg=0
RESET Q4:J4 =0
Ky=(Q3- T+ Qy-Tg)-X-B-C...
HOLD Q2:J2=0
Kz=0
TOGGLEQg: J3=(0Q3-Up-Qy-Tg)-A-B-C...
K3=(Q3'T2:Qy-Tg)-X-B-C...

NOTE:
Similar logic functions are applicable for D
and T mode flip-flops.

VIRGIN STATE
The factory shipped virgin device contains all
fusible links intact, such that:

1.

OE is always enabled.

2. Presetand Reset are always disabled.

3.

~

All transition terms are disabled.

. All flip-flops are in D-mode unless other-

wise programmed to J-K only or J-K or D
(controlled).

All B pins are inputs and all F pins are
outputs unless otherwise programmed.
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Programmable logic sequencer (16 x 45 x 12) PLS155
ORDERING INFORMATION THERMAL RATINGS
DESCRIPTION ORDER CODE TEMPERATURE
20-Pin Plastic DIP (300mil-wide) : PLS155N Maximum junction 150°C
20-Pin Plastic Leaded Chip Carrier PLS155A Maximum ambient 75°C
ABSOLUTE MAXIMUM RATINGS' ' e e
RATINGS
SYMBOL PARAMETER Min Max UNIT
Vee Supply voltage +7 Voc
Vin Input voltage : +5.5 Voc
Vour Output voltage +5.5 Voc
IN Input currents -30 +30 mA
lout Output currents +100 mA
Tamb Operating temperature range 0 +75 °C
Tsyg Storage temperature range -65 +150 °C
NOTES:

1. Stresses above those listed may cause malfunction or permanent damage to the device. This
is a stress rating only. Functional operation at these or any other condition above those
indicated in the operational and programming specification of the device is not implied.

May 11, 1988 - 238
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Product Specification

Programmable logic sequencer (16 x 45 x 12)

PLS155

DC ELECTRICAL CHARACTERISTICS
0°C < Tamp S +75°C, 4.75V S Ve £ 5.25V

LIMITS
SYMBOL PARAMETER TEST CONDITION MIN l TYP! | MAX UNIT

Input voltage?
ViH High Vce = MAX 2.0 \
Vi Low Vee = MIN 0.8 \"
Vic Clamp Vee = MIN, Iy =—12mA 08 | 1.2 v
Output voltage?

Ve = MIN
VoH High low =—2mA 24 v
VoL Low loL = 10MA 0.35 05 v
Input current®

Voo = MAX .
" High Vi =55V « 80 HA
I Low Vi = 0.45V -10 -100 pA
Output current

Vee = MAX
lo(oFF) Hi-Z state® € Vour = 5.5V 1 80 HA

Vour = 0.45V -1 ~140 vy

los Short circuit3: 7 Vour =0V -15 -70 mA
lec Ve supply currentt Vee = MAX 150 190 mA
Capacitance

Vee =5.0V
Cin Input ViN=2.0V 8 pF
Cour | Output Vour = 2.0V 15 pF

NOTES:

. Test one ata time.

. Measured with V) applied to OE.

NOURON

May 11, 1988

All typical values are at Vg = 5V, Tamp = +25°C.
. All voltage values are with respect to network ground terminal.

. Duration of short circuit should not exceed 1 second.

lcc is measured with the OFE input grounded, all other inputs at 4.5V and the outputs open.
. Leakage values are a combination of input and output leakage.
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Product Specification

Programmable logic sequencer (16 x 45 x 12)

PLS155

AC ELECTRICAL CHARACTERISTICS

0°C S Tamp S +75°C, 4.75V < Ve £5.25V, Ry =470Q, Ry = 1kQ

LIMITS
SYMBOL PARAMETER FROM T0 TESTCONDITION [ MIN | TYP' | MAX | UNIT
Pulse width
ek Clock? High CK+ CK- Cy = 30pF 25 20 ns
kL Clock Low CK- CK+ C = 30pF 30 20 ns
tckp Period CK + CK+ Cp = 30pF 70 50 ns
teRH Preset/Reset pulse (1.B) - (,8) + Cp = 30pF 40 30 ns
Setup time
tisy Input (.B) £ CK + Cy = 30pF 40 30 ns
ts2 Input (through Fp) F+ CK + Cp = 30pF 20 10 ns
tisa g‘gxf&g‘;’e"nﬂ’}mayy, (1B) K+ CL = 30pF 65 | 40 ns
Hold time
tiyg Input (1,B) £ CK + Cy = 30pF 0 -10 ns
2 Input Ft CK+ Cy = 30pF 15 10 ns
Propagation delays
tcko Clock CK+ Ft Cy = 30pF 25 30 ns
toe1 Output enabled OE - F- Cy = 30pF 20 30 ns
top1 Output disable3 OFE + F+ CL =5pF 20 30 ns
tp Qutput (1.B) £ Bt Cy = 30pF 40 50 ns
toE2 Output enable? (1,B) + Bt Cy = 30pF 35 55 ns
ton2 Output disable? (1,B) - B+ CL =5pF 30 35 ns
toro PresevReset (1,B) + Fi C, = 30pF 50 55 ns
NOTES:

1. All typical values are at Veg = 5V, Tamp, = +25°C.

2. To prevent spurious clocking, clock rise time (10% — 90%) < 10ns.

3. For 3-State output; output enable times are tested with C = 30pF to the 1.5V level, and S, is open for high-impedance to High tests and
closed for high-impedance to Low tests. Output disable times are tested with Cy_ = 5pF. High-to-High impedance tests are made to an output
voltage of V1 = (Vo — 0.5V) with S; open, and Low-to-High impedance tests are made to the V1 = (VoL + 0.5V) level with S closed.

4. When using the Complement Array tckp = 95ns (min).
5. Limits are guaranteed with 12 product terms maximum connected to each sum term line.
6. For test circuits, waveforms and timing diagrams see the following pages.
VOLTAGE WAVEFORMS TEST LOAD CIRCUIT
430V — e e
0% Vec] 9 +5V Sy
T o«
ov o ¢ _L l ¢, $h,
>
- l— — T
5ns tR 5ns o By T
+3.0V = | | > _|_
| | Ry 3 cL
INPUTS | o1, DUt | 9
N 10% TR } —]
S =
~——»{5ns 5ns CLK gnD OUTPUTS =

MEASUREMENTS:
Al dircult delays are measured at the +1.5V level
of Inputs and outputs, unless otherwise specified.

Input Pulses

NOTE:

11

C1 and Cj are to bypass Vo to GND.

May 11, 1988
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Programmable logic sequencer (16 x 45 x 12)

PLS155

TIMING DIAGRAMS

TIMING DEFINITIONS

LB
(INPUTS)
ov

=ty

[ 43V
- = [_—,_\l&} i
oV
41— oKL

VoH

E
(OUTPUTS)

OE 1.5V 1.5V

Flip—Flop Outputs

+3V

LB
(INPUTS) 1.5V

oy

tpD
B r~ l VoH
ou 1.5V v
oo A 1

VoL

OE2 top2 "
v
LB
(OUTPUT +1.5V +15V
ENABLE) ov

Gate Outputs

SYMBOL

PARAMETER

ekH

Width of input clock pulse.

tekL

Interval between clock pulses.

fckp

Clock period.

tPRH

Width of preset input pulse.

tis1

Required delay between
beginning of valid input and
positive transition of clock.

tis2

Required delay between
beginning of valid input forced
at flip—flop output pins, and
positive transition of clock.

tiHs

Required delay between
positive transition of clock and
end of valid input data.

tz

Required delay between
positive transition of clock and
end of valid input data forced
at flip~flop output pins.

tcko

Delay between positive
transition of clock and when
outputs become valid (with
OE Low).

Delay between beginning of
Output Enable Low and when
outputs become valid.

top1

Delay between beginning of
Output Enable High and
when outputs are in the
OFF-State.

Propagation delay between
combinational inputs and
outputs.

Delay between predefined
Output Enable High, and
when combinational outputs
become valid.

too2

Delay between predefined
Output Enable Low and when
combinational outputs are in
the OFF—State.

trRO

Delay between positive
transition of predefined
Preset/Resetinput, and
when flip—flop outputs
become valid.
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TIMING DIAGRAMS (Continued)

3V
I, B
ANPUTS) }(wv
ov
sav
CLK 15V
- OV
Ons MIN. b te— Y51 tcko™
y < 43V
*PRESET RESET 7 1.5V A 1.5V
BINPUTS F_\_ ov
& ) [ tpRH —*|

e (PRESET)
(RESET)

[*— tPRO
— =3
F 15y (RESED N/ 1.5V oH
(OUTPUTS) (PRESET) — e

Vou

* The leading edge of preset/reset must occur only when the input clock is "low", and must remaln *high" as long as
required to override clock. The falling edge of presetreset can never go *low" when the input clock is *high".

Asynchronous Preset/Reset

B +3V
(LOAD SELECT) ><1.5v . ) 1.5V
ov
4 v
TE 7 15V 1.5V
ov
oE1 ":I
: £ N\
— e i -
I
F I +3V Vou
(INPUTS) vr (FORCED Diy) 1.5V
oV VoL
— ton1 4s2 SH2
+3v
- A
— ov

S

Flip-Flop Input Mode
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LOGIC PROGRAMMING PLS155 logic designs can also be generated To implement the desired logic functions, the
The PLS155 is fully supported by industry using the program table entry format detailed  state of each logic variable from logic
standard (JEDEC compatible) PLD CAD on the following pages. This program table equations (I, B, O, P, efc.) is assigned a
tools, including Singetics' AMAZE, Data I/O entry format is supported by the Signetics symbol. The symbols for TRUE,
Corporation’s ABEL™, and Logical Devices AMAZE PLD design software (PTP module). COMPLEMENT, INACTIVE, PRESET, etc.,
Inc.'s CUPL™ design software packages. AMAZE is available free of charge to qualified  are defined below.

users.

Y packages allow Boolean and state
equation entry formats. ABEL and CUPL also
accept, as input, schematic capture format.

“AND” ARRAY - (1), (B), (Qp)

b— 18,0 —1,8,Q —1,8,0 —1,8,0
$—1,8,0 —1,8.Q b—1.8,0 —1,8,0
(T Fe, LR R D)y (T,Fc.LP.R, D (LFc,LP R D . (LFG L PR, D)y
STATE CODE STATE CODE STATE CODE STATE CODE
INACTIVE" 2 o 1,8,Q H 18,0 L DON'T CARE -
“COMPLEMENT” ARRAY - (C)
c c c c
c c ¢ c
(Tn Fe) (Tn. Fe) (Tn, FO) (Tnu Fe)
ACTION CODE ACTION CODE ACTION CODE ACTION CODE
INACTIVER % 5 o GENERATE® A PROPAGATE . TRANSPARENT -
“OR” ARRAY - (F-F CONTROL MODE)
Fc Fc
— J o | — J |—e
M— —
—] K —] K
ACTION CODE ACTION CODE
JKORD
(CONTROLLED) A 3K .

Notes on following page.

ABEL s atrademark of Data O Corp.
CUPL is a trademark of Logical Devices, Inc.
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“OR” ARRAY - (Qj = D-Type)

Tn Tn .
-4 3 |b-a| 4 P =)
M = ENABLED M = ENABLED
- K - K
Tn STATUS CODE T STATUS CODE
ACTIVE (Set) A INACTIVE (Reset) [ ]
“"OR” ARRAY - (Q,, = J-K Type)
Tn Tn Tn Tn
—J 3 ol - J bal A g o - J }—a
M = DISABLED M = DISABLED M = DISABLED M = DISABLED
- K 7 K —4 K - K
ACTION CODE ACTION CODE ACTION CODE ACTION CODE
TOGGLE o] SET H RESET L HOLD -
“OR"” ARRAY - (S or B), (P), (R) “EX-OR” ARRAY - (B)
Tn .
(OR B) (ORB) B B
Tn STATUS CODE Tn STATUS CODE POLARITY CODE POLARITY CODE
ACTIVE! A INACTIVE [ ] Low L HIGH H

“DE” ARRAY - (E)

3
]

;

En En En En
ACTION CODE ACTION CODE ACTION CODE ACTION CODE
DL 4 [} CONTROL A ENABLE* . DISABLE -

NOTES:

[ TN O

May 11, 1988
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. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates.
Any gate (T, F¢, L, P, R, D), will be unconditionally inhibited if both of the [, B, or Q links are left intact.
. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T, Fg.

En = O and Ej, = @ are logically equivalent states, since both cause Fy, outputs to be unconditionally enabled.
. These states are not allowed for control gates (L, P, R, D), due to their lack of “OR" array links.
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PROGRAM TABLE
a1 or - CONTROL 1 notes
— T -~~~ "1 1. The device is shipped with al links intact. Thus a back-
INACTVE 1 0 |actve Talppg, 8o | [ I P | ground of entries comesponding 1o states of virgin links
18Q H] a“) | [inactive| - ] @-0) | JKorD | A]mone [iple o | exists In the table, shown BLANK for clarity.
1: 4o} L | | (conbrofed) | CONTROL] A | 2. Program unused C, |, B, and Qbits in the AND array as (-).
» _ Ea, Program unused Q, B, P, and R bits in the OR array as (-)
DONTCARE | | enale To | °A-8) o (A), as applicable.
| | DISABLE | - | 3. Unused Terms can be left blank.
INACTVE | O | | Tocate lo ! POL) | 4. Q(P)and Q (N) are respectively the present and next states
ceneraTE T af o [ser Wl 0o | ( | offliptiops Q.
PROPAGATE | ¢ | |Reser_To | F/F MODE Eg | Ea POLARITY
e ] (Lo T [T [TTT1T1]
T AND OR
n -3 B aP) oM P R B(O)
g M 3[2[1]of7]e[s[4a}a]2[1]o]3]2]1]0 s[2]1]o]B[a}B[A]7]6]s[4]3[2]1]0
w 3 I !
= . t 1
9 t t
n 2 | }
> 3 t |
a s | |
E E 3 | |
] E 5 : '
T < ? . !
}
= a 2 | |
8 H ° | |
w = 10 | |
m 8 1 l| |
[o] |
- = 0 2 1 T
=z > uw 13 } N
o « > » 1 | :
= E (uj =115 | |
e X = w P4 T
o X T L l |
. X O = | 7 |
X k= w |
@ = ok 2l ! I
F G O o 0w |
. ; !
21 1 i
22 | |
23 I [
[
24 ! |
B e : i
{
[a) }_2‘ ! :
27 | :
2 | |
> 2 1 |
B | |
31 |
[/ |
E Fc | b
E lg |
* L
o w L * n: { B
w w o O w
= 0 3 ¢ Ao ! B
< o© o[ ow @ i
Z O Ao m 'S Ds ] .
o w n = D4 | '
w o 3 2 =2 | b
= « = 2 <
O b o gflm l l 4
O 3 a 9y I | 4
N o 5} = O
33 20 gl ! p
O 0 F ooy s[4 a] 2f]8]1a]12] 9] 8] 7] 6]1]16]15]14]
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DESCRIPTION

The PLS157 is a 3-State output,
registered logic element combining
AND/OR gate arrays with clocked J-K
fip-tlops. These J-K flip-flops are
dynamically convertible to D-type via a
‘fold-back” inverting buffer and control
gate Fc. It features 6 registered 11O
outputs (F) in conjunction with 6
bidirectional I/0 lines {B). These yield
variable /O gate and register.
configurations via control gates (D, L)
ranging from 16 inputs to 12 outputs.

The AND/OR arrays consist of 32 logic
AND gates, 13 control AND gates, and
21 OR gates with fusible link
connections for programming 1/0
polarity and direction. All AND gates are
linked to 4 inputs (l), bidirectional I/0
lines (B), internal flip-flop outputs (Q),
and Complement Array output (C). The
Complement Array consists of a NOR
gate optionally linked to all AND gates
for generating and propagating
complementary AND terms.

On-chip T/C buffers couple either True
(I, B, Q) or Complement (I, B, Q, C)
input polarities to all AND gates, whose
outputs can be optionally linked to all
OR gates. Any of the 32 AND gates
drives bidirectional /O lines (B), whose
output polarity is individually
programmable through a set of Ex-OR
gates for implementing AND-OR or
AND-NOR logic functions. Similarly, any
of the 32 AND gates can drive the J-K
inputs of all flip-flops. The Asynchronous
Preset and Reset lines (P, R), are driven
from the AND array for 4 of the 8
registers. The Preset and Reset lines (P,
R) controlling the lower four registers
are driven from the OR matrix.

All flip-flops are positive edge-triggered
and can be used as input, output or /O

PLS157

Programmable logic sequencer

(16 x 45 x 12)

(for interfacing with a bidirectional data
bus) in conjunction with load control
gates (L), steering inputs (1), (B), (Q)
and programmable output select lines
(E). ‘

The PLS157 is field programmable,
enabling the user to quickly generate
custom patterns using standard
programming equipment.

Order codes are listed in the Ordering
Information Table.

FEATURES
L4 fMAX = 14MHz
— 18.2MHz clock rate

® Field-Programmable (Ni-Cr link)
® 4 dedicated inputs

® 13 control gates

® 32 AND gates

® 21 OR gates

® 45 product terms:

— 32 logic terms
— 13 control terms

® § bidirectional /O lines

© 6 bidirectional registers

® J-K, T, or D-type flip-flops

© 3-State outputs

® Asynchronous Preset/Reset
® Complement Array

® Active-High or -Low outputs
® Programmable D'E control

® Positive edge-triggered clock
® |nput loading: —100pLA (max.)
® Power dissipation: 750mW (typ.)
® TTL compatible

246

PIN CONFIGURATIONS
N Package
CLK ]:1: ~ IZO Vee
o (2] R
h [3] 8] Fs
12 [5] 7] Fy
3 [E 6] F3
Bo Ié 5] Fa
81 [7] ] Fy
8, [g] ) Fo
B3 [7] [12] B4
GND [i0] (1] OF

N = Plastic DIP (300mil-wide)

A Package

Fs
Fa

BlS]E|

o

F3
F2
Fq

CEE

B3 GND OE By Fo

A = Plastic Leaded Chip Carrier

APPLICATIONS

® Random sequential logic

® Synchronous up/down counters
® Shift registers

® Bidirectional data buffers

® Timing function generators

® System controllers/synchronizers

® Priority encoder/registers
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FUNCTIONAL DIAGRAM

b

(LOGIC TERMS)

(CONTROL TERMS)
R L L

0=
[y

gT ee

C oo

s

(n)

— CK

Ta1 To Fc

’f K T cK

3
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LOGIC DIAGRAM
B————————— (LOGIC TERMS-T) o (CONTROL TERMS) ———+—#
s 4 E oE
IOE-Q ‘ IREERERATINEEE " N I Rt B EA A
12 [
13 |5 :
(21 1T
F P
F2 s
F3 T
4T ] P WU——
F5 T g I —
B0V P
B1 T ——
B2
B3| T3
B4T 1 31—
l—c:l 1899 0) X0 QUL 0 Uj}(] 000000 (])?
1T i c SSP Rp|Lp|D5|04{D3D2(D1/D0| L EAlER
-+- T %::)D Bo ! 19] Bs
- ] %:Du 12] B4
+ 1 9] B3
| 11| xs 2]
-+ T R [] 82
- = et {Zj B1
- 6| Bo
: X0 T " D
e o
LD el [ie] Fs
43&“ ol oK i l
I — o £ 77] R4
A . o J
I 1
D 1 s
l D ‘!,—L 16] F3
1 M3
: cK
D ? K L
L o] 7
‘|—L‘§' cK
~—|—-D K L
—D— (7 q] [12] 1
“_H'L—‘g' cxX
: —{:I & Pk L
. ‘ ; D ol — 13] P
oK
OO L_w“—J“i , .
3Meseese2d2encsceifiSecccee B Toosoee 0 Fg o
NOTES:
1. All OR gate inputs with a blown link float to logic 0"
2. All other gates and control Inputs with a blown link float to logic *17,
3. ®denotes WIRE-OR.
4. ¢ Programmable connection.
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VIRGIN STATE FLIP-FLOP TRUTH TABLE
The factory shipped virgin device contains all
fusible links intact, such that: OFE [L ck PRJKIQIF
1. OE is always enabled. H Hi-z
2. Preset and Reset are always disabled. L |IX X HLX XIH| L
3. All transition terms are disabled. L |X X L HXX|L] H
4. Al flip-flops are in D-mode unless L L T L LL L|G} T
otherwise programmed to J-K only or J-K L L T L L L HIL]I H
or D (controlled).
5. All B pi inputs and all F pi Lt T L LHLIHEL
. pins are inputs and all F pins are :
outputs unless otherwise programmed. L L T LLHHJO]Q
H H T L L L H|L| H
LOGIC FUNCTION H|H T LLHLHL
+10V X T X X L H|L{H"
O X 1T X X H L[H|L"
nn-n PRESENT STATE
NOTES:
1. Positive L 1c
STATE REGISTER J K 1'0 .................. Tay
Tofeo]1] @ NEXT STATE (lo h |2 ) (Qo-Qy ..
2. %‘ denotes transmon from Low to High
SETQq:Jg=(Q3* Up* Q- Tg)-K-B-C... level.
Ko=0 3. X=Don'tcare
RESET Qy: J4 =0 4. * = Forced at F,, pin for loading the J-K
X (03 Tz 0y Ty KB C... flip-flop in the Input mode. The load
) control term, L, must be enabled (HIGH)
HOLD Ga: J2=0 and the p-terms that are connected to the
K2=0 associated flip-fiop must be forced LOW
TOGGLE Q3: J3=(Q3° Tz 0y Tg)* K- B-C... (disabled) during Preload.
K3=(Q3'T2-Qy*Tg)-X-B-C... 5. AtP =R =H, Q=H. The final state of Q
depends on which is released first.
NOTE: 6. ** = Forced at Fy pin to load J-K flip-flop
Similar logic functions are applicable for D independent of program code (Diagnostic
and T mode fiip-flops. mode), 3-State B outputs.
ORDERING INFORMATION THERMAL RATINGS
DESCRIPTION ORDER CODE TEMPERATURE
20-Pin Plastic DIP (300mil-wide) PLS157N Maximum junction 150°C
20-Pin Plastic Leaded Chip Carrier PLS157A Maximum ambient 75°C
Allowable thermal rise 75°C
ABSOLUTE MAXIMUM RATINGS? ambient to junction
RATINGS
SYMBOL PARAMETER MIN MAX UNIT
Vee Supply voltage +7 Voc
VN Input voltage +5.5 Voc
Vour Output voltage +5.5 Ve
N Input currents -30 +30 mA
lout Output currents +100 mA
Tambo Operating temperature range 0 +75 °C
Tsy Storage temperature range -85 +150 °C
NOTES:

1. Stresses above those listed may cause malfunction or permanent damage to the device.
This is a stress rating only. Functional operation at these or any other condition above
those indicated in the operational and programming specification of the device is not im-

plied.

May 11, 1988
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DC ELECTRICAL CHARACTERISTICS
0°C S Tamp S +75°C, 4.75V < Voo S 5.25V

LMITS
SYMBOL PARAMETER TEST CONDITION MIN | TYP' | MAX UNIT
Input voltage?
Vin High Vee = MAX 20 v
ViL Low Vec = MIN 0.8 v
Vic Clamp Vee = MIN, Iy =—12mA -0.8 -1.2 %
Output voltage?
Vee = MIN
Vox High lon = ~2mA 24 v
VoL Low log = 10mA 0.35 0.5 v
Input current '
Iy High Viy =5.5V <1 80 pA
I Low Vin =045V -10 | -100 A
Output current
Vee = MAX
loorr) Hi-Z state5. & Vour = 5.5V 1 80 HA
Vour = 0.45V -1 -140 pA
los Short circuit3. 7 Vour =0V ~15 =70 mA
lee Ve supply current* Ve = MAX 150 190 mA
Capacltance
Vee =5.0V
Ci Input ViN=2.0V 8 pF
Cour Output Vout = 2.0V 15 pF
NOTES:
1. All typical values are at Vg =5V, Tanp = +25°C.
2. All voltage values are with respect to network ground terminal.
3. Testone ata time. o
4. lcc is measured with the OE input grounded, all other inputs at 4.5V and the outputs open.
5. Leakage values are a combination of input and output leakage.
6. Measured with V| applied to OE.
7. Duration of short circuit should not exceed 1 second.

May 11, 1988
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AC ELECTRICAL CHARACTERISTICS

0°C < Tamp S +75°C, 4.78V S Vg < 5.25V, Ry =470Q, R, = 1kQ

LIMITS
SYMBOL PARAMETER FROM TO TEST CONDITION MIN | TYpP! I MAX UNIT
Pulse width
{cKH Clock? High CK+ CK- C = 30pF 25 20 ns
toxe Clock Low CK- CK+ C_ = 30pF 30 20 ns
tekp Period CK + CK+ C = 30pF 70 50 ns
teRH Preset/Reset pulse (1,B) - (1,B) + C_ = 30pF 40 30 ns
Setup time$
tisq Input (1.B)+ CK + 'C_ = 30pF 40 30 ns
tis2 Input (through F,) Ft CK + Cy = 30pF 20 10 ns
tisa Ic‘:.'g;tp(lg]r;?n%'}mayy (,B) £ CK + CL = 30pF 65 40 ns
Hold time
tig Input (,B) £ CK + Cy = 30pF -10 ns
tiHz Input Ft CK + Cy = 30pF 15 10 ns
Propagation delays
tcko Clock CK+ Ft Cy = 30pF 25 30 ns
toEt Output enable? CE - F- C, =30pF 20 30 ns
top1 Output disable? OE + F+ C, =5pF 20 30 ns
tpp Output (,B) £ Bt C_ = 30pF 40 50 ns
toez | Outputenable® (1.B) + B+ Cy = 30pF 35 55 ns
topz Output disable3 (1,B) — B+ C_=5pF 30 35 ns
toro Preset/Reset (1,B) + F+ C_ = 30pF 50 55 ns
NOTES:

1. All typical values are at Vgg = 5V, Tamp = +25°C.

2. To prevent spurious clocking, clock rise time (10% — 90%) < 10ns.

3. For 3-State output; output enable times are tested with C_ = 30pF to the 1.5V level, and S, is open for high-impedance to High tests and
closed for high-impedance to Low tests. Output disable times are tested with C| = 5pF. High-to-High impedance tests are made to an output
voltage of Vr = (Vou — 0.5V) with Sy open, and Low-to-High impedance tests are made to the V1 = (VoL + 0.5V) level with S; closed.

4. When using the Complement Array tckp = 95ns (min).

5. Limits are guaranteed with 12 product terms maximum connected to each sum term line.

6. Fortest circuits, waveforms and timing diagrams see the following pages.

VOLTAGE WAVEFORMS

TEST LOAD CIRCUIT

+3.0V

+3.0V:

ov

10%
—™{5ns I<— —’]Sns

MEASUREMENTS:
All circuit delays are measured at the +1.5V level
of inputs and outputs, unless otherwise specitied.

Input Pulses

5

Cq

NOTE:

veo T +5V sq
% % C2 E: Ry
OF [-——©
1 A
- I I <
| | R2 2 cL
INPUTS | I DUt | <
ST "8w | J
{
Bx
B;
L cLK z OUTPUTS =

C1 and C2 are to bypass Ve to GND.

(1| s g
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TIMING DIAGRAMS

TIMING DEFINITIONS

b 43V
(INPUTS)

ov
[*— SH1 481"

[Jr— +3V
CLK 1.5V 1.5V 1.5V

1 ov
g1 — kK oKL

F Vou
(OUTPUTS) 1.5V )( vr

I~ 1ok 001

OE 1.5V 1.5V

101

Flip—Flop Outputs

LB
(INPUTS)

[ Y0

,—
4 % v \
(OUTPUTS) &\. \ } vr

toE2 top2 — ]

1,B
(OUTPUT 5V +15V
ENABLE)

Gate Outputs

+3V

ov

VoH

VoL

+3V

ov

SYMBOL

PARAMETER

tekH

Width of input clock pulse.

tox

Interval between clock pulses.

tekp

Clock period.

toRH

Width of preset input pulse.

tis1

Required delay between
beginning of valid input and
positive transition of clock.

sz

Required delay between
beginning of valid input forced
at flip-flop output pins, and
positive transition of clock.

ti1

Required delay between
positive transition of clock and
end of valid input data.

tn2

Required delay between
positive transition of clock and
end of valid input data forced
at flip-flop output pins.

fcko

Delay between positive
transition of clock and when
outputs become valid (with
OFE Low).

Delay between beginning of
Output Enable Low and when
outputs become valid.

Delay between beginning of
Output Enable High and
when outputs are in the
OFF-State.

tep

Propagation delay between
combinational inputs and
outputs.

Delay between predefined
Output Enable High, and
when combinational outputs
become valid.

too2

Delay between predefined
Output Enable Low and when
combinational outputs are in
the OFF-State.

Delay between positive
transition of predefined
Preset/Reset input, and

when flip-flop outputs become
valid.
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PLS157

TIMING DIAGRAMS (Continued)

4V
1B
(INPUTS) ) 1.5V
ov
v
CLK 15V
pm—T
Ons MN. ad le— 451 KO
\y v
*PRESET RESET l1.sv —Jr-\:sv
-/ ov
@, BINPUTS) RH
a (PRESET)
(RESET)
[*— RO
F 15 (RESET) VoH
(OUTPUTS) (PRESET) j\_'___

* The leading edge of preselreset must occur only when the input clock is "low”, and must remain *high” as long as
required to override clock. The falling edge of preset/reset can never go “low” when the input clock is “high*.

Asynchronous Preset/Reset

LB +3V
(LOAD SELECT) >(1.5v ) 15V

ov

+3V
TE 7(I.SV 1.5V
ov
0E1 —’i

I/~ Y

\
R ——

|
!

F
@ANPUTS) VT (FORCED DN} 1.5V

+3V VoH

oV VoL

[ tom 4s2 Y2

c AN
AMnNSes.

Flip-Fiop Input Mode
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LOGIC PROGRAMMING PLS157 logic designs can also be generated  To implement the desired logic functions, the
The PLS157 is fully supported by industry using the program table entry format detailed  state of each logic variable from logic
standard (JEDEC compatible) PLD CAD on the following pages. This program table equations (I, B, O, P, etc.) is assigned a
tools, including Signetics' AMAZE, Data I/O entry format is supported by the Signetics symbol. The symbols for TRUE,
Corporation's ABEL™ and Logical Devices AMAZE PLD design software (PTP module). = COMPLEMENT, INACTIVE, PRESET, etc.,
Inc.'s CUPL™ design software packages. AMAZE is available free of charge to qualified  are defined below.

users,
All packages allow Boolean and state

equation entry formats. ABEL and CUPL also
accept, as input, schematic capture format.

“AND” ARRAY - (1), (B), (Qp)

b— 18,0 $—1,8,Q —1,8,0 —1,8,Q
y—1.8,8 1,8,Q@ r——I.B.O —1,8,Q
(N Fe, LRR Dy (TLFc,LP R D)y (LFC, LR R, Din (LFC. LR R Dy
STATE CODE STATE CODE STATE CODE STATE CODE
INACTIVE" 2 [ 1,8,Q H 18,0 L DON'T CARE -
“COMPLEMENT” ARRAY - (C)
c c < c
c c c c
(Tnw Fc) (Tn. Fe) n. Fe) (T Fe)
ACTION CODE ACTION CODE ACTION CODE ACTION CODE
iNACTIVE® 3. 5 [} GENERATES A PROPAGATE . TRANSPARENT -
“OR” ARRAY — (F-F CONTROL MODE)
Fc Fc
— J o | — J I—a
n— M—
7 K — K
ACTION CODE ACTION CODE
J-KORD
(CONTROLLED) A X b

Notes on following page.

ABEL Is atrademark of Data VO Corp.
CUPL Is a trademark of Logical Devices, Inc.
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“OR"” ARRAY - (Q, = D-Type)
Tn Tn
» J |=a} J |—a
M = ENABLED M = ENABLED
— K — LS
Th STATUS CODE Tp STATUS CODE
ACTIVE (Set) A INACTIVE (Reset) .
“OR” ARRAY - (Q,, = J-K Type)
Tn | Tn Tn Tn
— J a| -4 J a| — J |—a| - J |-a
M = DISABLED M = DISABLED F M = DISABLED M = DISABLED
— K — K - K ~ K
ACTION CODE ACTION CODE ACTION CODE ACTION CODE
TOGGLE o SET H RESET L HOLD -

“OR” ARRAY ~ (S or B), (P), (R)

“EX-OR” ARRAY - (B)

Tl‘l
' ) > PR S
(ORB)

RRS
(OR B)

;

Tn STATUS

Tp STATUS

AcTIvE! A

INACTIVE

;

POLARITY

POLARITY

Low L

HIGH H

“OE” ARRAY - (E)

= —D>——
£

= D>
L

= C—>—{—
&1

]
|

ACTION CODE

ACTION CODE

ACTION CODE

ACTION

IDLEh 4 o

. CONTROL A

ENABLE* [

DISABLE -

NOTES:

[ S AT
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. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates.
. Any gate (T, F¢, L, P, R, D), will be unconditionally inhibited if both of the |, B, or Q links are left intact.
. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T, Fc.

En = O and E;, = « are logically equivalent states, since both cause Fy, outputs to be unconditionally enabled.
. These states are not allowed for control gates (L, P, R, D), due to their lack of “*OR" array links.
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Programmable logic sequencer (16 x 45 x 12) PLS157
PROGRAM TABLE
a0 e T ___ CONWROL__ ___Vnotes
____________ - 1. The device is shipped with all links intact. Thus a back-
INACTVE | O [actve [ A |P. , B(O) uK T e FIF | ground of entries corresponding to states of virgin links
o n PP s K pcoai e v s B S
B, rogram unus: .1, B, its in the array as
1 U . | | fcontolied l CONTROL, A EA B (-). Program unused Q, B, P, and R bits in the OR array
DONTCARE] - | | ENABLE 1 o | ™% | 35) or (A), as appiicable.
| | DISABLE | ~ | 3. Unused Terms can be left blank.
INACTIVE | TOGGLE | O | oLy . |4 Q) andp (N) are respectively the present and next
GENERATE T A | o | |SET H g | Low ¢ states of fip flops Q.
PROPAGATE |_»  EEE I F/F MODE Eg Ep POLARITY
TRANSPARENT | — ; Lioio - | TT T 711 TTT 1
T AND OR
0 e 1 80) o) N PIR B(O)
o L] 3af2]1[ofs[4]3[2[1]o]s]af3]2]1]0 slajaf[2[1]ofa[Aa{s[a]3]2]1]0
i p T T T |
=z 7 f t t f
o t + } t
n 2 | } } }
> 3 | | ! |
e ‘ | | | 1
o # s | | | |
E E s I I T [
: | E | |E S : :
S o 2 ; | — +—
3 w 9 ! | | i
w N 1 | | | I
RN ARadas | |
12
= = N0
= S w 1 : — : {
S |z & o = % i i
E Ay oo ELs | | } }
S ¥ 28 Z[» i | | |
e X 2 i =E|lw | | | L
%’ S 9k Zluw | [ | l
F O O o O|w T || lr :
20
; t f t
21 — | - t
2 ] 1 . +
23 | | | 1
w -2 | | | |
|2 T ] | |
Sl ! ! T n
: EunNEEE ; :
28 | . 1 |
20 | | | 1 ]
u>J 30 | | | |
L= ) | |
g Fo T T C 4
[+ t t
g - t .
* o 3_‘ g L | |
w E 8 O wilte | 1 '
= 0o < ] 1 | | r————
< c > x a2 A
=z w u < | D5 | | .
zow o2 Bl ] ' b
44835 2 ! I
O T b o £|=r | : [ 3
F O Zz g 9y ™ j |
2585 Blw | I
O o o F oI 5 {sle]slz|wi]slal7]eleli]meln]us
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Programmable Logic Devices

DESCRIPTION

The PLS159A is a 3-State output,
registered logic element combining
AND/OR gate arrays with clocked J-K
flip-flops. These J-K flip-flops are
dynamically convertible to D-type via a
“fold-back” inverting buffer and control
gate F¢. It features 8 registered /O
outputs (F) in conjunction with 4
bidirectional /O lines (B). These yield
variable I/O gate and register
configurations via control gates (D, L)
ranging from 16 inputs to 12 outputs.

The AND/OR arrays consist of 32 logic
AND gates, 13 control AND gates, and
21 OR gates with fusible link
connections for programming /0
polarity and direction. All AND gates are
linked to 4 inputs (l), bidirectional I/O
lines (B), internal tlip-tlop outputs (Q),
and Complement Array output (C). The
Complement Array consists of a NOR
gate optionally linked to all AND gates
for generating and propagating
complementary AND terms.

On-chip T/C buffers couple either True
(I, B, Q) or Complement (I, B, Q, C)
input polarities to all AND gates, whose
outputs can be optionally linked to all
OR gates. Any of the 32 AND gates can
drive bidirectional /O lines (B), whose
output polarity is individually
programmable through a set of Ex-OR
gates for implementing AND-OR or
AND-NOR logic functions. Similarly, any
of the 32 AND gates can drive the J-K
inputs of all flip-flops. There are 4 AND
gates for the Asynchronous
Preset/Reset functions.

All flip-flops are positive edge-triggered
and can be used as input, output or /O
(for interfacing with a bidirectional data
bus) in conjunction with load control

PLS159A

Programmable logic sequencer

(16 x 45 x 12)

gates (L), steering inputs (1), (B), (Q)
and programmable output select lines
(E).

The PLS159A is field-programmable,
enabling the user to quickly generate
custom patterns using standard
programming equipment.

FEATURES
® High-speed version of PLS159

o fuax = 18MHz
— 25MHz clock rate
® Field-Programmable (Ni-Cr link)
® 4 dedicated inputs
® 13 control gates
® 32 AND gates
21 OR gates

® 45 product terms:
~ 32 logicterms
- 13 control terms

® 4 bidirectional I/O lines
© 8 bidirectional registers
e J-K, T, or D-type flip-flops

® Power-on reset feature on all
flip-flops (Fn = 1)

® Asynchronous Preset/Reset

® Complement Array

® Active-High or -Low outputs

® Programmable OE control

@ Positive edge-triggered clock

© Input loading: —100pA (max.)

© Power dissipation: 750mW (typ.)
© TTL compatible

@ 3-State outputs

257

PIN CONFIGURATIONS

N Package
CLK |j N [20] vee
o [Z] 19] F7
LR EL €] Fs
12 [4] 7] Fs
ts (5] €] F4
Bo [€] [15] Fs
By [7] 1] F2
B2 [2] [13] Fy
B [2] 2] Fo
GND [19] [11] OF

N = Plastic DIP (300mil-wide)

A Package
Iy lg CLKVecFy

Fe
Fs
5] s

B8]

Fa

[BJE]

F2

B3 GND OF Fg Fy
A = Plastic Leaded Chip Carrier

APPLICATIONS
® Random sequential logic

® Synchronous up/down counters
® Shift registers

® Bidirectional data buffers

® Timing function generators

© System controllers/synchronize(s

® Priority encodet/registers
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Programmable logic sequencer (16 x 45 x 12) PLS159A
FUNCTIONAL DIAGRAM
(LOGIC TERMS) (CONTROL TERMS)
P R L D E
O : ——<HJw=
. T 1
b
o 2 5 =,
o
[} gl
T
c
s N
E)xP} > [Do— s
= P R
‘_\( ) s o DBor—r
..T—a§
E ) © K <I—T-¢cK
—
Tay To Fc
LOGIC FUNCTION FLIP-FLOP TRUTH TABLE CAUTION: PLS159A
DE IL ok P R J Klal F PROGRAMMING ALGORITHM
03 02 a1 The programming voltage required to
-n-n e PRESENT STATE H Hi-Z program the PLS159A is higher (17.5V) than
L X X L X X XIcl H that required to program the PLS 159 ( 14.5V).
STATE REGISTER . K-B-c-... Consequently, the PLS159 programming
t |[X X H L X X|H} L algorithm will not program the PLS159A.
nnnn @ NEXT STATE Please exercise caution when accessing
L |X X L HX X|L| H ) :
programmer device codes to insure that the
L (L T LLL L{Q|l T correct algorithm is used. :
SETQp:Jg=(Q3* Uz Qq-Tg)-K-B-C...
Kg=0 ’ L L T L L L HJL H
RESET Qy: Jy =0 L )
! )(‘,:(03~02~0‘-Uo)1-n~c... L LLHLIHEL
HOLD Qg: Jp =0 L IL T L L HH|T| a
Kp=0 ) .
TOGGLE Q3: J3=(Q3°Tp-Qq - Ug)*K-B-C... HAH T L LLHILH
K3=(Q3' Tp°Qq*Tg)-K-B-C... H (H T L LHLIH| L
#10V (X T X X L HfL|H"
NOTE: .
Similar logic functions are applicable for D X T X XHL{H[L
and T mode flip-flops. NOTES
. Positive Logic:
J-K= To + T+ To e Tay
VIRGIN STATE Té‘ =C(lo-hr- lz ) (Qo-Qy ..
The factory shipped virgin device contains all . %‘genotes transition from Low to High level.
tusible links intact, such that: 3. X =Don't care
1. OE s always enabled. 4. * =Forced at F, pin for loading the J-K

2. Preset and Reset are always disabled.
3. All transition terms are disabled.
4

. Al flip-flops are in D-mode unless other-
wise programmed to J-K only or J-K or D
(controlled).

5. All B pins are inputs and all F pins are
outputs unless otherwise programmed.

May 11, 1988

flip-flop in the Input mode. The load
control term, L, must be enabled (HIGH)
and the p-terms that are connected to the
associated flip-flop must be forced LOW
(disabled) during Preload.

. AtP =R =H, Q= H. The final state of Q

depends on which is released first.

** = Forced at Fy, pin to load J-K flip-flop
independent of program code (Diagnostic
mode), 3-State B outputs.
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LOGIC DIAGRAM

B———————— (LOGIC TERMS-T) a0 (CONTROL TERMS) —————— 0

o [2]¢
o e
|2E-§,U~
lalle—oié

F1
F2
F3
F4
F5 g

<+—{11] OE

a—

!
&,

o =
I
I
I

5 = T
JOOUO00 07 (ﬁ
RaiPa|RalLp|LaP3{02[D1{ D0 EpEp
. Lf_o_]as

£l

—é

=X ©

r .

o2

A

L—
o
]

g

3
eHHX <t

[~

g

L —

L
B

3

[
[«

i

31000 e002i23000s0eiGt5000000e3 7---0000Fc o DCLK

NOTES:

1. AllOR gate inputs with a blown link float to logic "0",

2. Al other gates and control inputs with a blown link fioat to logic *1".
3. @ denctes WIRE-OR.

4. i: Programmable connection.
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Programmable logic sequencer (16 x 45 x 12) PLS159A
ORDERING INFORMATION THERMAL RATINGS
DESCRIPTION ORDER CODE TEMPERATURE
20-Pin Plastic DIP (300mil-wide) PLS159AN Maximum junction 150°C
20-Pin Plastic Leaded Chip Carrier PLS159AA Maximum ambient 75°C
Allowable thermal rise 75°C
ABSOLUTE MAXIMUM RATINGS? ambient to junction
RATINGS
SYMBOL PARAMETER MIN MAX UNIT
Vee Supply voltage +7 Voc
Vin Input voltage +5.5 Voc
Vour Output voltage +5.5 Voc
Iin Input currents -30 +30 mA
lout Qutput currents +100 mA
Tamo Operaling temperature range 0 +75 °C
Tstg Storage temperature range -85 +150 °C
NOTES:
1. Stresses above those listed may cause malfunction or permanent damage to the device. This
is a stress rating only. Functional operation at these or any other condition above those
indicated in the operational and programming specification of the device is not implied.
DC ELECTRICAL CHARACTERISTICS
0°C < Tamp € +75°C, 4.75V S Vg £5.25V
LIMITS
SYMBOL PARAMETER TEST CONDITION MmN | Tve | max | uniT
Input voltage?
Vi High Vog = MAX .20 v
VIL Low VCC =MIN 0.8 v
V|c Clamp Vcc = M]N, IIN =-12mA -0.8 -1.2 Vv
Output voltage?
VoH High Vee = MIN, Igy = —2mA 24 v
VoL Low loL = 10mA 0.35 05 \
Input current
[ High Vee = MAX, Viy = 6.5V <1 80 HA
in Low Vi = 0.45V -10 -100 pA
Output current
IO(OFF) Hi-Z state® 7 Vee = MAX, Voyr = 5.5V 1 80 pA
Vour = 0.45V -1 -140 pA
los Short circuit3: § Vour =0V -15 -70 mA
lec Vce supply current® Vee = MAX 150 190 mA
Capacitance
Cwn Input Vo = 5.0V, Viy = 2.0V 8 pF
Cour Output Vour = 2.0V 15 pF
NOTES:

NOOT A WN -

. All typical values are at Ve = 5V, Tamp = +25°C.

. All voltage values are with respect to network ground terminal.
. Testone ata time.

. Measured with V) applied to OE.
. Duration of short circuit should not exceed 1 second.

. Icc is measured with the OE input grounded, all other inputs at 4.5V and the outputs open.
. Leakage values are a combination of input and output leakage.

May 11, 1988
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AC ELECTRICAL CHARACTERISTICS
0°C < Tamp S +75°C, 4.75V < Vo < 5.25V, Ry =4709, R, = 1kQ
LIMITS
SYMBOL PARAMETER FROM TO TEST CONDITION MIN | TYP! | MAX UNIT
Pulse width
texn Clock? High CK + CK-— C_ = 30pF 20 15 ns
toxe Clock Low CK - CK + Cy = 30pF 20 15 ns
tokp Period CK + CK + Cy = 30pF 55 45 ns
tpRK Preset/Reset pulse (1,B) - (1,B) + C_ = 30pF 35 30 ns
Setup time®
tis1 Input (1LB) £ CK + Cy = 30pF 35 30 ns
tis2 Input (through Fp) Fzx CK + Cy = 30pF 15 10 ns
tis3 g‘gﬁé‘;‘ggﬁ'}\rrwﬁ (.8) £ CK+ C = 30pF 55 45 ns
Hold time
tiHe Input | (1,B)x CK+ C_ = 30pF 0 -5 ns
tinz Input (through Fp) Fx CK+ C_ = 30pF 15 10 ns
Propagation delay
tcko Clock CK + Fzx Cy = 30pF 15 20 ns
tog1 Output enable3 OE - F- C_ = 30pF 20 30 ns
tops Output disable? OE + F+ C_ =5pF 20 30 ns
tp Output (I,B)+ B+ C_ = 30pF 25 35 ns
toe2 Output enabled (1,B) + B+ C. = 30pF 20 30 ns
too2 Output disable3 (1,B) - B+ C_ =5pF 20 30 ns
tPRO Preset/Reset (,B) + Ft Cy = 30pF 35 45 ns
trpR Power-on/preset Vee + F- Cy = 30pF 0 10 ns
NOTES:

1. All typical values are at Vog = 5V, Tp = +25°C.

2. To prevent spurious clocking, clock rise time (10% — 90%) < 10ns.

3. For 3-State output; output enable times are tested with C|_ = 30pF to the 1.5V level, and S is open for high-impedance to High tests and
closed for high-impedance to Low tests. Output disable times are tested with C|_ = 5pF. High-to-High impedance tests are made to an output
voltage of V1 = (Vo — 0.5V) with Sy open, and Low-to-High impedance tests are made to the V1 = (Vo + 0.5V) level with S, closed.

4. When using the Complement Array toip = 75ns (min).

5. Limits are guaranteed with 12 product terms maximum connected to each sum term line.

VOLTAGE WAVEFORMS TEST LOAD CIRCUIT
+3 V= ———
Veo +5V Sy
ov [' J c4 J— -L c2 E% Ay
—JSns tR tf SnsL— I ° > 1 gs T
= | | l
- l I A2 3 c
INPUTS I DUT | 9
10% ° "|Bw | rj
- - ! |
- [ —
——5ns|<— _4508 o >} :I).(K GND Bz OUTPUTS Jr-

MEASUREMENTS:
All circuit delays are measured at the +1.5V level
of inputs and outputs, unless otherwisa spacified.

Input Pulses

NOTE:

|

C1 and Cp are to bypass Vg to GND.

May 11, 1988
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PLS159A

TIMING DIAGRAMS

TIMING DEFINITIONS

Power-On Reset

. +3V
, B
(INPUTS) 1.5V 1.5V
ov
= tH1 Ys17 " ’
+3v
=13 1.5V 1.5V lnsv
e QV
ﬁs1——'~— 'CKH tCKL—*
ICKP"_’
VoH
F 15V
(OUTPUTS)
OE 1.5V at
toE1
Flip—Flop Outputs
18 Y 15V
(INPUTS) .
|
|
B
{OUTPUTS) \\&\ 15V ][VT
S
top2 ™|
1,8
(OUTPUT 15V +1.5V
ENABLE)
Gate Outputs
+5V
4.5v
vee ov
’* PPR™™]
VoH
F Y v
(OUTPUTS) 15 1.5v
N VoL
ek
+3V
I,B <
(INPUTS) ) 1.5V 15V
ov
M Y1 Ys1—
/——— +3V
1.5V 1.5V 1.5V
CLK } 1 ov
[e——lig3 —>1*+— {CKH tekL—*
CKF

+3V

ov

VoH

VoL

+3V

ov
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SYMBOL

PARAMETER

fckH

Width of input clock pulse.

texL

Interval between clock pulses.

tckp

Clock period.

tPRH

Width of preset input pulse.

tis1

Required delay between
beginning of valid input and
positive transition of clock.

tis2

Required delay between
beginning of valid input forced
at flip-flop output pins, and
positive transition of clock.

Y1

Required delay between
positive transition of clock and
end of valid input data.

th2

Required delay between
positive transition of clock and
end of valid input data forced
at flip-flop output pins.

tcko

Delay between positive
transition of clock and when
outputs become valid (with
OE Low).

Delay between beginning of
Output Enable Low and when
outputs become valid.

Delay between beginning of
Output Enable High and
when outputs are in the
OFF-State.

tePR

Delay between V¢ (after
power-on) and when flip-flop
outputs become presetat “1”
(internal Q outputs at “0”).

tpp

Propagation delay between
combinational inputs and
outputs,

Delay between predefined
Output Enable High, and
when combinational outputs
become valid.

Delay between predefined
Output Enable Low and when
combinational outputs are in
the OFF-State.

tero

Delay between positive
transition of predefined
Preset/Reset input, and

when flip-flop outputs become
valid.




Philips Components—Signetics Programmable Logic Devices . Product Specification

Programmable logic sequencer (16 x 45 x 12) PLS159A

TIMING DIAGRAMS (Continued)

+V

1,B '
(INPUTS) 18V

ov

+3V
- oV
[“— %s1° —'l 4s1 tcko >

PRESET/RESET 7£ 15V 15V
o

+3V

(, BINPUTS) l«—— tpau
o N\ (PRESET) /]
o EEE s
<— tpRO

F oy (RESED \ ! “Vou
(OUTPUTS) AR eresen 7\ 15V

VoL
* Preset and Reset functions override Clock However, F outputs may glitch with tha first positive Clock Edge if 151
cannot be guaranteed by the user.

Asynchronous Preset/Reset

1,8 +3V
(LOAD SELECT) ><1.sv )(st
ov
. l +3V
OE 7 1.5V 1.5V
ov
10E1 —-I
v \
L
————— | A\
|
F | +3V VoH
(INPUTS) vr (FORCED DyN) 1.5V
oV VoL
[ toD1 4s2 YH2
+3V
CLK _/_
— ov

OO _S-“a“a“$GeEs

Flip-Flop Input Mode
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PLS159A

LOGIC PROGRAMMING

The PLS159A is fully supported by industry
standard (JEDEC compatible) PLD CAD
tools, including Signetics' AMAZE, Data I/O
Corporation's ABEL™, and Logical Devices
Inc.'s CUPL™ design software packages.

All packages allow Boolean and state
equation entry formats. ABEL and CUPL also
accept, as input, schematic capture format.

“AND” ARRAY - (I), (B), (Qp)

PLS159A logic designs can also be
generated using the program table entry
format detailed on the following pages. This
program table entry format is supported by
the Signetics AMAZE PLD design software
(PTP module). AMAZE is available free of
charge to qualified users.

To implement the desired logic functions, the
state of each logic variable from logic
equations (I, B, O, P, etc.) is assigned a
symbol. The symbols for TRUE,
COMPLEMENT, INACTIVE, PRESET, etc.,
are defined below.

pb— 1,B8,Q b— 18,0 l—1,8,0 1,8,
b—1,B,0 —1.8,0 —1,8,Q — 18,0
T Fc,LAR D)y (T.Fc.LLP,R, D)y (TLFc.LPR D (T,Fc, LR R, D)n
STATE CODE STATE CODE STATE CODE STATE CODE
INACTIVE" 2 o 8,0 H 18,0 L DON'T CARE -
“COMPLEMENT” ARRAY - (C)
c c c T
c c c c
(T FC) (Tnw Fc) (T, Fo) (Tne FC)
ACTION CODE ACTION CODE ACTION CODE ACTION CODE
INACTIVE" & 5 o GENERATES A PROPAGATE . TRANSPARENT -
“OR” ARRAY - (F-F CONTROL MODE) “OR” ARRAY - (Q, = D-Type)
Fc Fc Tn Tn
— 3 }—a | — J t—a -4 U e B J |-a
u—¢ENABLED | DISABLED M = ENABLED M = ENABLED
— K — K — K -1 K
ACTION CODE ACTION CODE Tn STATUS CODE Tn STATUS CODE
(co“u}'égﬂinp A J-K ONLY . ACTIVE (Set)?! A INACTIVE (Reset) .
Notes on following page. CAUTION:
THE PLS159A Programming Algorithm is different from the PLS159.
ABEL Is atrademark of Data VO Cormp.
CUPL Is a trademark of Logical Devices, Inc.
May 11, 1988 264
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“OR” ARRAY - (Q, = J-K Type)
Tn Tn Tn Tn
—4 J —a —4 J l—a | - J Q — J — o
M = DISABLED M = DISABLED M = DISABLED M = DISABLED
—4 K — K — K T K
ACTION CODE ACTION CODE ACTION CODE ACTION CODE
TOGGLE [ H RESET L HOLD -
“OR” ARRAY - (S or B) “EX-OR"” ARRAY - (B)

Tn

SET
Tn

Tn STATUS

CODE

Tn STATUS

CODE

ACTIVE!

INACTIVE

POLARITY

POLARITY

Low?

HIGH

“DE” ARRAY - (E)

= —D>—t—

L1

k

En

o O—D>——
< ]

En

;

ACTION

CODE

ACTION

CODE

ACTION

CODE

ACTION

CODE

IDLE™ 4

CONTROL

ENABLE?

DISABLE

NOTES:

NHwn =
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. This is the initial unprogrammed state of all link pairs. !t is normally associated with all unused (inactive) AND gates.
. Any gate (T, F¢, L, P, R, D), will be unconditionally inhibited if both of the I, B, or Q links are left intact.
. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Ty, F¢.

. En =0 and Ej, = » are logically equivalent states, since both cause F, outputs to be unconditionally enabled.
. These states are not allowed for control gates (L, P. R, D), due to their lack of “OR" array links.
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FPLS PROGRAM TABLE
_ ___AND | OR 1 CONTROL I NoTes

I T 1. The device Is shipped with all links intact. Thus a back-
INACTVE | O [actve [al P, R.B(O) | |IK T FF | ground of entries corresponding 1o states of virgin links
18,0 Hl e, | LinacTive [ « J @-D) | [#xoro Ta]mMone [t __To | exists in the table, shown BLANK for clarity.
18,0 L | aP (contoled) | CONTROL| A | 2. Program unused C, |, B, and Q bits in the AND array as ().
DON'T CARE | — | | Ea, B Program unused Q, 8, P, and R bits in the OR array as (=)
1 | | ENABLE | « | or (A), as applicable.

| | DISABLE | - | 3. Unused Terms can be left blank.
INACTIVE 1o | TOGGLE | O HIGH H | 4. Q(P)and Q (N) are respectively the present and next states

| (POL) ot flip-fiops Q.
GENERATE 1Al o | [sET H g | Leow L |
PROPAGATE | | freser 1o | FIF MODE Ep EA POLARITY
_ _ T
L | LHOLD | P LTI I [ 1]
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w 0
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CF (XXXX)
DATE RECEIVED
COMMENTS

DATE

REV
8

CUSTOMER NAME
PURCHASE ORDER #
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TOTAL NUMBER OF PARTS
PROGRAM TABLE #

2
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PLS167/A

Programmable logic sequencers

Date of Issue

Status

Product Specification

Programmable Logic Devices

(14 x 48 x 6)

DESCRIPTION FEATURES PIN CONFIGURATIONS

The PLS167 and PLS167A are bipolar, e PLS167

:]roi;arr}mtz;ble E&gicPState macl:i:ws of ~ funx = 13.9MHz N Package

e Mealy type. The Programmable _ [\ ]

Logic Sequencers (PLS) contain logic 20MHz clock rate e O] 24 vee

AND/OR gate arrays with user ° PLS167A s 2] 5] 17

programmable connections which - fuax = 20MHz 15 3] 2] 1g

control the inputs of on-chip State and — 25MHz clock rate i (4] ]

Output Registers. These consist " AP 13 5] 20} 149

respectively of 8 Qp, and 4 Qr © Field-Programmable (Ni-Cr hnlf) = .

edge-triggered, clocked S/R flip-flops, © 14 True/Complement buffered inputs n O ) 12

with an asynchronous Preset Option. © 48 programmable AND gates 6 [ ] 1
® 25 programmable OR gates Fo 3] [15] PRICE

All flip-flops are unconditionally preset to  8-bit S Regi F [ B

“1” during power turn-on. -bit State Register 1 !
® 2-bit shared State/Output Register F2 [1] [14] o

The AND array combines 14 external ® 4-bit Output Register axo iz 2] Fs

inputs, lo.13, with 8 internal inputs, Pg7,
fed back from the State Register to form
up to 48 transition terms (AND terms). In
addition, Py and P, of the internal State
Register are brought off-chip to allow
extending the Output Register to 6 bits,
if so desired.

Ali transition terms can include True,
False, or Don't Care states of the
controlling variables, and are merged in
the OR array to issue next-state and

@ Transition Complement Array

® Programmable Asynchronous
Preset/Output Enable

® Positive edge-triggered clock

® Power-on preset to logic “1” of all
registers

® Automatic logic “HOLD?” state via S/R
flip-flops

® On-chip Test Array

© Power: 600mW (typ.)

N = Plastic DIP (300mil-wide)

A Package

4 Is lg CLlkVccly Ig

[1] f2s] [27] o8

next-ou.tput commands to their i  TTL compatible Fo [19} 156] s

respective registers on the Low-to-High

transition of the Clock puise. ® 3-State outputs we el e
® Single +5V supply Ty F2 GRD Fy P Py PROE

Both True and Complement transition

terms can be generated by optional use  App| |CATIONS A ~ Plastic Leaded Chip Carrier

of the internal variable (C) from the
Complement Array. Also, if desired, the
Preset input can be converted to
output-enable function, as an additional
user programmable option.

Order codes are listed in the Ordering
Information Table.

® Interface protocols

K Sequence detectors

® Peripheral controllers

® Timing generators

® Sequential circuits

© Security locking systems
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Programmable logic sequencers (14 x 48 x 6) PLS167/A

FUNCTIONAL DIAGRAM

w2

N
IS

PR/OE

OUTPUT
“ REG.

Ta7 To :] D CLk

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION POLARITY

1 CLK Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this Active-High
line is necessary to update the contents of both registers.

2-7 Iy =l Logic Inputs: The 13 external inputs to the AND array used to program jump conditions Active-High/Low
17-23 between machine states, as determined by a given logic sequence.

lo Logic/Diagnostic Input: A 14th external logic input to the AND array, as above, when Active-High/Low
exercised with standard TTL levels. When lg is held at +10V, device outputs Fo_3 and
Po_ 1 reflect the contents of State Register bits P, _7 (see Diagnostic Output Mode dia-
gram). The contents of flip-flops P — 1 and Fg - 3 remain unaitered.

9-1 Fo-3 Logic/Diagnostic Outputs: Four device outputs which normally reflect the contents of Active-High
13 Output Register bits Qg - 3, when enabled. When lg is held at +10V, Fp_3 = (P2_5).

14-15 Po-1 Logic/Diagnostic Outputs: Two register bits with shared function as least Significant Active-High
State Register bits, or most significant Output Register bits. When Iy is held at +10V,
Po-1=(Ps-2).

16 PR/OE Preset or Dutput Enable Input: A user programmable function:

® Preset: Provides an Asynchronous Preset to logic *1" of all State and Output Register Active-High (H)
bits. Preset overrides Clock, and when held High, clocking is inhibited and Po_ 7 and Fg_ 3
are High. Normal clocking resumes with the first full clock pulse following a High-to-Low
clock transition, after Preset goes Low.

© Dutput Enable: Provides an Output Enable function to all output buffers. Active-Low (L)
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Programmable logic sequencers (14 x 48 x 6) PLS167/A
LOGIC DIAGRAM
(LOGIC TERMS - T) ] (OPTION)
[] S
PRICE
P E
1
5 -
3t
IR
st
3
3t
R
C ULJUL[JUUU OO000C OO 000 V0000 OO0C0U00 0C UUL'Jij
c ;
T - bo J
— T
CHEN
D>1{s a Pa
D-HR_P
N D-Hs als
D——EP—G J
Dy H
S
> H
i ECHEN
D1{s a p—{is py
i ot |
D15 ¢ [14] Po
SO
D-Hfs @ F3
: S
D5 @ >—{n]F,
D-He Pl o X
Dy Fq
ST
D o >—31f
i ot o
I L g{fJex
470 % 00040 3g Cc e s ey 3o e e s s eny gy e s en s qseecasneg pesssseg
NOTES:
1. All AND gate inputs with a blown link float to a logic *1".
2. All OR gate inputs with a blown fuse float to logic *0".
3. Programmable connection.
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Programmable logic sequencers (14 x 48 x 6) PLS167/A
TRUTH TABLE 1,2, 3,4,5,6 LOGIC FUNCTION
OPTION Typical State Transition:
Vee PR OE lo CK S R Qpe F @ a1
B X X X H H e PRESENT STATE
L +10V X X X Qn (Qp)n STATE REGISTER _E-B-C-...
L X - X X X Q, (QF)n
T e R ooy rexsue
+5V L +10V X X X Q, (Qp)n '
L X X X X Q, (Qe)n SETQp: Sg= (T Qy-Tg) - K-B-C...
. Ro=0
L X T L L G Qe RESET Q1:S1=0
L X T ) L H L L R1=(02°Qy*Tg)*A-B-C...
L X T H L H H HOLD Qg: S22 0
L X 1 H H IND. | IND. . Rz=0
T X X X X X X H
NOTES: VIRGIN STATE

1. Positive Logic:
SR=To+ Ty +To+...Ty7
Tn=Cllol1l2...)(PoPy...Py)

The factory shipped virgin device contains all
fusible links intact, such that:
1. PR/CE optionis setto PR. Thus, all outputs

2. Either Preset (Active-High) or Output Enable (Active-Low) are available, but not both. . n Ao
The desired function is a user-programmable option. will be at*1", as preset by initial power-up
3. T denotes transition from Low-to-High level. procedure. )
4. R =S8 = High is an illegal input condition. 2. Alltransition terms are disabled (0).
5. *=HorLor+10V. 3. All S/R flip-flop inputs are disabled (0).
6. X =Don't Care (<5.5V) 4. The device can be clocked via a Test
Array pre-programmed with a standard
test pattern.
ORDERING INFORMATION NOTE: The Test Array pattern MUST be
» DESCRIPTION ORDER CODE deleted before incorporating a user
" - — program. This is accomplished
24-Pin Plastic DIP (300mil-wide) PLS167N, PLS167AN automatically by any Signetics qualified
28-Pin Plastic Leaded Chip Carrier PLS167A, PLS167AA programming equipment.
ABSOLUTE MAXIMUM RATINGS! THERMAL RATINGS
RATINGS TEMPERATURE
SYMBOL PARAMETER MIN MAX UNIT Maximum junction 150°C
Vee Supply voltage +7 Voc Maximum ambient 75°C
Vin Input voltage +5.5 Voc Allowable thermal rise 75°C
Vour Output voltage B 455 Voo ambient to junction
Iin Input currents -30 +30 mA
lout Output currents +100 mA
Tamo Operating temperature range 4] +75 °C
Tetg Storage temperature range I -65 +150 °C .’

NOTES:

1. Stresses above those listed may cause malfunction or permanent damage to the device: This-
is a stress rating only. Functional operation at these-or any other condition above those

indicated in the operational and programming specification of the device is not implied.
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Programmable logic sequencers (14 x 48 x 6) PLS167/A

DC ELECTRICAL CHARACTERISTICS
0°C < Tamy, S +75°C, 4.75V S Ve £ 5.25V

LIMITS
SYMBOL PARAMETER TEST CONDITION MIN l TYP? l MAX UNIT

Input voltage?
Viy High Vee = MAX 20 v
Vi, Low Vcc =MIN 08 v
Vic Clamp?® Ve = MIN, Iy =-12mA -0.8 -1.2 \"
Output voltage?

Vee = MIN
Von High? lon = -2mA 2.4 \Y
VoL Low’ loL = 9.6mA 035 | 045 v
Input current
[ High Vin =5.5V <1 80 MA
'S Low ViN = 0.45V -10 -100 HA
I Low (CK input) Vin = 0.45V -50 -250 HA
Qutput current

Voo = MAX
lo(orr) Hi-Z state5: 6 Vout =5.5V 1 40 HA

Vour =0.45V -1 —40 HA

los Short circuit® 7 Vour = OV -15 -70 mA -
lec Ve supply current® Vee = MAX 120 180 mA
Capacltance®

Veg = 5.0V
CiN Input ViN=2.0V 8 pF
Cout Output Vout =2.0V 10 pF

NOTES:

All typical values are at Vg = 5V, Tanp = +425°C.

. All voltage values are with respect to network ground terminal.

. Testone at a time.

Measured with Vy_applied to OE and a logic high stored, or with Vy; applied to PR.

Measured with a programmed logic condition for which the output is at a low logic level, and V,_applied to PR/OE Output sink current is
supplied through a resistor to Vgg.

. Measured with V| applied to PR/OE.

. Duration of short circuit should not exceed 1 second.

. lcc is measured with the PR/OE input grounded, all other inputs at 4.5V and the outputs cpen.

ey

oONO
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AC ELECTRICAL CHARACTERISTICS

Ry = 470Q, Ry = 1kQ, Cy = 30pF, 0°C < Tamp < +75°C, 4.75°CV < Vg < 5.25V

LIMITS
SYMBOL PARAMETER FROM TO PLS167 PLS167A UNIT
MIN | TYP' [ max [ min [ TPt [ max

Pulse width3
oKH Clock?2 High CK+ CK- 25 15 20 15 ns
oKL Clock Low CK—- CK + 25 15 20 15 ns
ckp Clock Period CK+ CK + 50 30 40 30 ns
tPRH Presetpulse PR + PR- 25 15 25 15 ns
Setup time?
tsiA Input Input + CK + 60 40 ns
ts1B Input Input £ CK+ 50 30 ns
ts1C Input Input £ CK + 42 N/A ns
ts2A Input (through Complement Array) Input+ CK+ 90 70 ns
tis2B Input (through Complement Array) Input CK + 80 60 ns
tis2C Input (through Complement Array) Input CK + 72 N/A ns
tys Power-on preset Vee + CK- 0 -10 0 -10 ns
tpRs Preset PR- CK-— 0 -10 0 -10 ns
Hold time
tH I Input CK + Input £ | 5 l -10 I 0 l -5 I I ns
Propagation delay
tcko Clock CK+ Output £ 15 30 15 20 ns
toe Output enable* QE - Qutput — 20 30 20 30 ns
too Output disable? OCE + Output + 20 30 20 30 ns
PR Preset PR + Output + 18 30 18 30 ns
PPR Power-on preset Vee + Qutput + 0 10 ] 10 ns
Frequency of operation®
tuaxC Without Complement Array 13.9 20.0 MHz
fuaxC With Complement Array 9.8 12.5 MHz

NOTES:

. All typical values are at Vg = 5V, Tomp, = +25°C.

. To prevent spurious clocking, clock rise time (10% —90%) < 30ns.
See “Speed vs. OR Loading” diagrams.
. For 3-State output; output enable times are tested with C = 30pF to the 1.5V level, and S, is open for high-impedance to High tests and

closed for high-impedance to Low tests. Output disable times are tested with C|_ = §pF. High-to-High impedance tests are made to an output
voltage of V1 = (Vo — 0.5V) with Sy open, and Low-to-High impedance tests are made to the V1 = (Vg + 0.5V) level with S closed.

VOLTAGE WAVEFORMS

TEST LOAD CIRCUIT
Vee! T +5V Sy
ol Lo $n,
OE f¢——0
-%l- o—I—— ") By T
T 7 — 11
| | Ra ::
INPUTS »{l13 DuT | 9
| l
| .
o————»{ CLK Bz

OUTPUTS =

NOTE:
C1 and Cp are to bypass Vo 1o GND.

1 %

+3.0V

10%
ov——
SnJ‘ '1 5n
MEASUREMENTS:

All circuit delays are measured at the +1.5V level of
inputs and outputs, unless otherwise specified.

Input Pulses

Oclober 16, 1989
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PLS167/A

TIMING DIAGRAMS

TIMING DEFINITIONS

+3V
lo-13 >(|sv 1.5V
ov

%W s ﬂ

e 43V
1.5V4 1.5V 1.5V
CLK ===t T ov

e yg——=] K cKL—~

Fo-3/Po-1 \ lcxp VoH

1.5V N )( v
= tCKO™] on Vor

uax
OE +3V
1.5V 1.5V
ov
10E

Filp-Flop Outputs

- +3V
Io-13 1.5V
[ ov
+3V
1.5V 1.5V 1.5V 1.5V
CLK - \—] ov
%s K CKH—>1*— tCKL™
-- \ VoH
Fo-3/Po—1 1.5V 1.5V 15V
\

¥R PR . cko

+3V

1.5V \%\mv
ov
PR

Asynchronous Preset

15V

+5V

Vee —/ ov

— Vou
& 1.5V (F=1 1.5 (Fn+1)
Fo-3/Po—1 VoL
[ tckp —*1*lcko
7 43V
1.5V 1.5V 1.5V
CLK o e s e et e e e e— ek ov

+3V
1.5 1.5V
lo-13 ov
s —*e— 4y

Power-On Preset

SYMBOL PARAMETER
tokH Width of input clock pulse.
ek Interval between clock pulses.
Minimum guaranteed clock
lekp period.
Required delay between
tis1 beginning of valid input and

positive transition of clock.

Required delay between
beginning of valid input and
positive transition of clock,
tis2 when using optional
Complement Array (two
passes necessary through the
AND array).

Required delay between Vcg
b (after power-on) and negative
VS transition of clock preceding
first reliable clock pulse.

Required delay between
negative transition of
asynchronous Preset and
'PRs negative transition of clock

: preceding first reliable clock
pulse.

Required delay between
tH positive transition of clock and
end of valid input data.

Delay between positive
transition of clock and when
ko | outputs become valid (with
PR/CE Low).

Delay between beginning of
toe Output Enable Low and when
" | outputs become valid.

Delay between beginning of
Qutput Enable High and
when outputs are in the
OFF-State.

Delay between input lg
transition to Diagnostic mode
tSRE and when the outputs reflect
the contents of the State
Register.

top

Delay between input Iy
transition to Logic mode and
tsro when the outputs reflect the
contents of the Output
Register.

Delay between positive
teR transition of Preset and when
outputs become valid at *1°.

Delay between V¢ (after
tpR power-cn) and when outputs
become preset at *1”.

teRH Width of preset input pulse.

f Minimum guaranteed
MAX operating frequency.
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PLS167/A

TIMING DIAGRAMS (Continued)

| >(1.sv
’ _§§ 8.0V
° D | N —
cx jv.sv
"% CKH|

INTERNAL

STATE REG. (Ps) (Ng)

[*— tSRE [ tsRD™™
OUTPUT F, F, F You
T Fn) 1.5% /Fo) 7/ 0551/ K 15 Enid )
© *tcko

Diagnostic Output Mode

+3v
ov
+10V
+«v
ov
+«3v

ov

VoH

VoL

oL

ov

SPEED VS. “OR” LOADING

The maximum frequency at which the PLS

C twh - 50 T The two other entries in the AC table, tjso A
can bg clo.cked while operating in sequential ‘ ts1B / and B are corresponding 24 and 16 term lim-
mode s given by: 50 e 8514 1 its when using the on-chip Complement

1
(1/fuax) = toy = tis + teko % ) Aray.
This frequency depends on the number of E p The worst case of s for a given application
transition terms T, used. Having all 48 terms 2 = can be determined by identifying the ORline
connected in the AND array does not appre- 20 with the maximum number of T,connections.
ciably impact performance; but the number This can be ‘.’°"9 by referr.mg'to the intercon-
of terms connected to each OR line affects 10 nectpattern ".‘the. PLSlogicdiagram, !yp|cal<
tis, due to capacitive loading. The effect of ly illustrated in Figure 3, or by counting the
this loading can be seenin Figure 1, showing 0 8 16 24 32 40 48 mfa:lmur:w numb(ir;;) f dH or lb entries '.? gre
the variation of tigy with the number of terms TERMS CONNECTED/OR ofthe columns of the device Program Table.
connected per OR. . This number plotted on the curve in Figure 1
. . Figure 1. PLS167 tgq vs. or 2 will yield the worst case tg and, by impli-
The PLS16 haract - 218 2N
contain threz I;I\ ni;';:;‘?ﬁ: : p;: arac er:sttl‘:? Terms/OR Connected cation, the maximum clocking frequency for
and tig, (refer to Figure 1). The first, tisya is reliable operation.
guaranteed for a c.ievice wi.th 48 terms con- &0 I Note that for maximum speed all UNUSED
necte;i toany ORline. tisqgis guaranteed for 50 / transition terms should be disconnected from
adevice with 32 terms connected to any OR ysiA / the OR array.
line. And t5,¢ is guranteed for a device with P
24 terms conntected to any OR line. . 4518 TRANSITION TERMS Ty
Thethreeotherentriesinthe AC table, tis2 A, s ®
B, and C are corresponding 48, 32, and 24 L [IJ ﬂ] od]f] [IJ[lJ
term limits when using the on-chip Comple- 2 @ >
TERMS/ “OR"
ment Array. 1 OR (2 1D array
The PLS167A AC electrical characteristics (]
contain two limits for the parameters tig4 and ;(;r
tis2 (refer to Figure 2). The first, tisq is guar- o 8 16 24 32 4 USED
anteed for a device with 24 terms connected TERMS CONNECTED/OR
to any OR line. tg, is guaranteed for a de-
ice wi hd Figure 2. PLS167A tig; vs. Figure 3. Typlical OR Array
vice with 16 terms connected to any ORine. Terms/OR Conne cte‘zd Interconnect Pattern
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PLS167/A

LOGIC PROGRAMMING

The PLS167/A is fully supported by industry
standard (JEDEC compatible) PLD CAD
tools, including Signetics' AMAZE design
software package. ABEL™, CUPL™ and
PALASM® 90 design software packages also
support the PLS167/A architecture.

PRESET/OE OPTION - (P/E)

All packages allow Boolean and state

equation entry formats. ABEL and CUPL also

accept, as input, schematic capture format.

PLS167/A logic designs can also be
generated using the program table entry
format detailed on the following pages. This
program table entry format is supported by
the Signetics AMAZE PLD design software

(PTP module). AMAZE is available free of
charge to qualified users.

To implement the desired logic functions, the
state of each logic variable from logic
equations (I, B, O, P, etc.) is assigned a
symbol. The symbols for TRUE,
COMPLEMENT, INACTIVE, PRESET, etc,,
are defined below.

PRICE
P=0 A
g,g;{g, DISABLED) i
OPTION CODE | [ OPTION | cooe |
[ PRESET! | H| oE L]
PROGRAMMING:

The PS167/A has a power-up preset feature. This feature insures that the device will power-up
in a known state with all register elements (State and Output Register) at logic High (H). When
programming the device it is important to realize this is the initial state of the device. You must
provide a next state jump if you do not wish to use all Highs (H) as the present state.

“AND” ARRAY - (I), (P)

Lp Lp Lp
LP LP WP
ip ) 1)
Tn Tn T

STATE | STATE [ cooe | [ STATE | cooe | [ STATE [ cooe |}

l INACTIVED 2 I o I L LP w1 | P | ¢ | [ oontcare | - |
“OR” ARRAY - (N), (F)

Tn Tn Tn Tn
iAo | v D e | D e | v
2 || wt D | | e DA | | e D
[ acmon | cope | [ acmon | cooe | [ Acmon [ cope | [ acmon [ cooe |
[Cacve®® | o | SET H | | RESET [ ] [ nochance | - |

“COMPLEMENT” ARRAY - (C)
¢ c c 13
c € < €
Tn Tn Tn Tn
[ acmion [ cooE ] [ acmon [ cooe | [ "acmon [ cope | [ Acmion | cooe |
_macnver4 | o | GENERATE | A | [__rropagate [ o | [ transpament | - |
NOTES

. This is the initial unprogrammed state of all links.
2. Any gate T, will be unconditionally inhibited if both the true and complement of any input (I, P) are left intact.
3. To prevent simultaneous Set and Reset flip-flop commands, this state is not allowed for N and F link pairs coupled to active gates T, (see

flip-flop truth tables).

4. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T,.

ABEL s atrademark of Data VO Cormp.
CUPL is a trademark of Logical Devices, Inc.
PALASM is a registered trademark of AMD Corp.
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PROGRAM TABLE
PROGRAM TABLE ENTRIES
CUSTOMER NAME ______A'!P_____r____ﬁ'& ______
PURCHASE ORDER # INACTIVE ) INACTIVE )
SIGNETICS DEVICE # CF (XXXX) GENERATE ' A SET " H
CUSTOMER SYMBOLIZED PART # . PROPAGATE L RESET L
TOTAL NUMBER OF PARTS TRANSPARENT, — NOCHANGE | —
PROGRAM TABLE INACTIVE .
REV LE :
DATE DON'T CARE )

AND

OPTION (P/E) |
OR

INPUT (|
TerMm|cal oo oo Ol

13 12'!11 1o |8 ]7[6]s
¥

PRESENT STATE (Pg) REMARKS NEXT STATE (Ns) OUTPUT (Fr)
- A b oeima = =g - l=y < - -

'[5‘2"1 ol7l6]5[4)|3]12[7]0 7]e] 5[4l 3]2]ifol3]2[ 1]
t

N

ST T NI P I K] PN 1

o

n
e

ddde|afjel=rF¢

o
ol

o
ry

NO 17[18118|20)21[22|23{2 {3 |4 |5 |6 |7 |8 15|14 13| 11| 10(9

VARIABLE
NAME

NOTES:

1. The device is shipped with all links initially intact. Thus, a background of “0" for all Terms, and an “H" for the P/E option, exists in the table,
shown BLANK instead for clarity.

2. Unused Cy, Im, and Pg bits are normally programmed Don't Care (-).

3. Unused Transition Terms can be left blank for future code modification, or programmed as () for maximum speed.

4. Letters in variable fields are used as identifiers by logic type programmers.
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TEST ARRAY

Vee o +5V

The PLS may be subjected to AC and DC -
parametric tests prior to programming via an a (I + Fn)Fn vee

on-chip test array.

The array consists of test transition terms 48
and 49, factory programmed as shown

On - Fn)Fn (1-Fn)Fp

below. Po.7 Po-1
o . . lh —> o3
Testing is accomplished by clocking the PLS CLOCK ——»] ck Fog [—*> Fr
and applying the proper input sequence to
| PPlying the proper input seque (ln +FnVFn PRIOE
o-13 s shown in the test circuit timing o
diagram. ]
State Diagram =
PLS Under Test
OPTION (P/E) [H
T AND OR
5 ¢ MTATiIT INPUT (Im) PRESENT STATE (Ps) NEXT STATE (Ns) OUTPUT (Fr)
M 3 (z 1|o[oTaf7]6[5T4 3|2 Jo|7[es]2}3[2]1]0| Fw'—s_'s—T [3T2]1]0o[3]2]1]0
48 | A |HIH[H]|[H]|H|H[H[H]|H]H]H|H][H][H|[H|[H]|H|[H[H]H]|H[R tfofefefefeffefuefefe]e
49 o frfufejejefojefefe oo efefefefoie o] (afu[ufu[nw[u]n]ululu{n

Test Array Program

475 45V
Vee
ov
Both terms 48 and 49 must be deleted ViH
during user programming to avoid interfering CtK
with the desired logic function. This is Vi
accomplished automatically by any
Signetic's qualified programming equipment. Vik
lo-13
viL
v
Fo.3
ov
HIGH
STATE
REGISTER
Ceecemesccand LOW
Test Circuit Timing Diagram
OPTION (P/E) TH
T AND OR
s c Tt INPUT (im) PRESENT STATE (Ps) NEXT STATE (Ns) OUTPUT (Fr)
M sl2l1jof o 8] 7[6s[a)3 2T o7 eTs[a}a[2Ti[o] [7Te]sf{a]3 2] 7 [ofjs]a]3f2]i]o
48 | - [H[H[H][H[H[H[H]H]H]W]u][H[H]H]H]H]]a]u[H]n]w] [~]-]-0-1-1-1-1-1-4{-1-1-[-]-
4 [ o Jofufi oo oo e e e e e e e o) [=1=-1-1-1=1-1-1-1-1=-1-1-1-1-

Test Array Deleted
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DESCRIPTION

The PLS168 and the PLS168A are
bipolar, Programmable Logic State
machines of the Mealy type. They
contain logic AND/OR gate arrays with
user programmable connections which
control the inputs of on-chip State and
Qutput Registers. These consist
respectively of 10 Qp, and 4 Q¢
edge-triggered, clocked S/R {flip-flops,
with an Asynchronous Preset Option.

All flip-flops are unconditionally preset to

“1” during power turn-on.

The AND array combines 12 external
inputs, lp.41, with 10 internal inputs, Pg.q,

fed back from the State Register to form
up to 48 transition terms (AND terms). In

addition, P - P, of the internal State
Register are brought off-chip to allow
extending the Output Register to 8 bits,
if so desired.

All transition terms can include True,
False, or Don't Care states of the
controlling variables, and are merged in
the OR array to issue next-state and
next-output commands to their
respective registers on the Low-to-High
transition of the Clock pulse.

Both True and Complement transition

terms can be generated by optional use

of the internal variable (C) from the
Complement Array. Also, if desired, the
Preset input can be converted to
output-enable function, as an additional
user programmable option.

QOrder codes are listed in the Ordering
Information Table.

PLS168/A

Programmable logic sequencers

(12 x 48 x 8)

FEATURES

® PLS168
— fuax = 13.9MHz
— 20MHz clock rate

® PLS168A
- fMAX = 20MHz
- 25MHz clock rate

® Field-Programmable (Ni-Cr link)

® 12 True/Complement buffered inputs
© 48 programmable AND gates

® 29 programmable OR gates

® 10-bit State Register

® 4-bit shared State/Output Register

@ 4-bit Output Register

® Transition Complement Array

® Programmable Asynchronous
Preset/Output Enable

® Positive edge-triggered clock

® Power-on preset to logic “1” of all
registers

® Automatic logic "HOLD” state via S/R
flip-flops

® On-chip Test Array

® Power: 600mW (typ.)

® TTL compatible

® 3-State outputs

® Single +5V supply

APPLICATIONS

® Interface protocols

® Sequence detectors

® Peripheral controllers

® Timing generators

® Sequential circuits

® Security locking systems
® Counters

® Shift registers
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PIN CONFIGURATIONS

N Package
cik [1] ~ [24] vee
s [2] 23] 16
1 3] 2] 17
13 [4] 21] 1
12 [5] %] 19
I [€] [19] 110
1o [7] 18] 149
Fo [8] [17] PRICE
Fy [9] [16] py
F2 [io} 5] P2
Fa [11] [14] Py
GND [12] [13] Po

N = Plastic DIP (300mil-wide)

A Package
I3 14 IsClKvec g Iz

[41 [3] [2] [1] o8] [o7] 6]
L]

ne [5] 75] NC
12 {€] 124] 1g
[T 23] 15
lo [8] 2] 1o
Fo (7] 71] [FT
£y [19] 20] PRIOE
N [ii} [19] NC
FEHEEEE

F2 F3 GND Pg Py P2 P3

A = Plastic Leaded Chip Carrier
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PLS168/A

FUNCTIONAL DIAGRAM

3~

|

4 OUTPUT
@ REG.

Ta7 T E———‘—< l——l l CLK

PIN DESCRIPTION

PIN NO.

SYMBOL

NAME AND FUNCTION

POLARITY

13-16

10-11

8,9

CLK

h=In

lo

Po-3
Fa_Fa

PR/CE

Fo-Fy

Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this
line is necessary to update the contents of both registers.

Logic Inputs: The 11 external inputs to the AND array used to program jump conditions
between machine states, as determined by a given logic sequence.

Logic/Diagnostic Input: A 12th external logic input to the AND array, as above, when
exercised with standard TTL levels. When Ig is held at +10V, device outputs F»_F3 and
Po - Pareflect the contents of State Register bits P4 - g (see Diagnostic Output Mode
diagram). The contents of flip-flops Pg .. y and Fg . 3 remain unaltered.

Logic/Diagnostic Outputs: Four device outputs which normally reflect the contents of
State Register bits Pg . 3. When lg is held at +10V these pins reflect (Pg - Pg).

Logic/Diagnostic Outputs: Two register bits (F, — F3) which reflect Output register bits
(Qz2 —Qg3). When lg is held at +10V, these pins reflect (P4 - Pg).

Preset or Output Enable Input: A user programmable function:

® Preset: Provides an Asynchronous Preset to logic “1” of all State and Output Register
bits. Preset overrides Clock, and when held High, clocking is inhibited and Py g and Fg_ 3
are High. Normal clocking resumes with the first full clock pulse following a High-to-Low
clock transition, after Preset goes Low.

o Qutput Enable: Provides an Output Enable function to all output buffers.

Logic Output: Two device outputs which reflect Output Registers Qg — Q. When lpis
haeld at +10V, Fg - Fy = Logic *1".

Active-High
Active-High/Low

Active-High/Low

Active-High

Active-High

Active-High (H)

Active-Low (L)
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LOGIC DIAGRAM

» (LOGIC TERMS = T) a (OPTION)

1T

ﬁ PRIOE
P E

faghaghat

Y _owwws

P
5 G
B_pls
5 Gt
R P
P-
5 o
R P
P
5 G
R_PL
5 ol
R_pl
5 a2
R P
65K) —{i8] p3
R P ]
s Q >—{F e,
R P !
5 a >—3 py
R P '
5 a —113] Py
R P .
S Q % —T) 3
L .
sa e L
R P .
Q
S a L ——F
R P ,
: V : S o2 {5k
R P
| ] [ | [ 7] ik

47%° " ST e40 39° Tt e 3) gge s et e 23t et e e eis qse e sy 7eseessg
NOTES:

1. All programmed "AND" gate locations are pulled to logic *1”.

2. All programmed “OR” gate locations are pulled to logic “0”.

3. ¢ Programmable connection.
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TRUTH TABLE 1.2,3,4,5,6 LOGIC FUNCTION
OPTION Typlcal State Transition:
Vee PR OE o CLK S R Qp F @ a1 o
H . X X X H H _ e PRESENT STATE
L +10V X X X Qy (Qp)n nnn
L X X X X Q, (QF)n STATE REGISTER
H v X X X Qq Hi-Z _ @ NEXT STATE
+5V L +10V X X X Q, (Qp)n nnn
L X X X X Qn (Qr)n
L X T L L Qs (@) SETQq:Sg=(Uz-Qq - Ug)* A-B-C...
=0
L X T L H L L Fo=
RESET Qq: s|
L X T H L H H uz Q' Ty)-K-B-C.
L X T H H IND. | IND. HOLD O3 5720
T X X X X X X H R2=0
NOTES
Positive Logic:
" SR- To+T1+Ta+... +T47 VIRGIN STATE . . .
Tn=C(lolh l2...) (Po p| Pg) The factory shipped virgin device contains all
2. Either Preset (Actlve-ngh) or Output Enable (Active-Low) are available, but not both. fusible links intact, such that:
The desired function is a user-programmable option. 1. PR/CE optionis setto PR. Thus, alloutputs
3. T denotes transition from Low-to-High level. will be at 1", as preset by initial power-up
4. R =S =Highis an illegal input condition. procedure.
5. *=H or‘L or +10V. 2. All transition terms are disabled (0).
6. X =Don'tCare (<5.5V) 3. All S/R flip-flop inputs are disabled (0).
4. The device can be clocked via a Test
ORDERING INFORMATION Array pre-programmed with a standard
test pattern.
DESCRIPTION ORDER CODE NOTE: The Test Array pattern MUST be
24-Pin Plastic DIP (300mil-wide) PLS168N, PLS168AN deleted before incorporating a user
program. This is accomplished
28-Pin Plastic Leaded Chip Carrier PLS168A, PLS168AA automatically by any Signetics qualified
programming equipment.
ABSOLUTE MAXIMUM RATINGS? THERMAL RATINGS
RATINGS TEMPERATURE
SYMBOL PARAMETER MIN MAX UNIT Maximum junction 150°C
Vee Supply voltage +7 Voc Maximum ambient 75°C
Vin Input voltage 455 Voc Allowable thermal rise 75°C
Vour Output voltage 455 Voc ambient to junction
IN Input currents -30 +30 mA
lout Output currents +100 mA
Tamb Operating temperature range 0 +75 °C
Tsig Storage temperature range -85 +150 °C
NOTES:

1. Stresses above those listed may cause malfunction or permanent damage to the device. This
is a stress rating only. Functional operation at these or any other condition above those
indicated in the operational and programming specificaticn of the device is not implied.
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DC ELECTRICAL CHARACTERISTICS
0°C < Tamp S +75°C, 4.75V < Voo $5.25V

LIMITS
SYMBOL PARAMETER TEST CONDITION MIN l TYP? I MAX UNIT
Input voltage?
Vi High Vee = MAX 20 \
ViL Low Vee = MIN 0.8 »
Vi Clamp? Vee = MIN, Iy = ~12mA 08 | -1.2 v
Output voltage?
Vee = MIN
VOH ngh" IOH =-2mA 24 \'
Vo LowS lOL =9.6mA 0.35 0.45 \"
Input current
" High VN =5.5V <1 25 pA
e Low ViN = 0.45V -10 ~100 HA
e Low (CLK input) Viy = 0.45V 50 | -250 PA
Qutput current
Vee = MAX
lo(orF) Hi-Z state® Vour =5.5V 1 40 HA
Vour = 0.45V -1 -40 A
los Short circuit® 7 Vour =0V -15 -70 mA
lec Ve supply current® Vee = MAX 120 180 mA
Capacltance®
Vee =5.0V
CiN Input ViN=2.0V 8 pF
Court Output Vour = 2.0V 10 pF
NOTES:
1. All typical values are at Vg = 5V, Tanp = +25°C.
2. All voltage values are with respect to network ground terminal.
3. Testone ata time.
4. Measured with V|_applied to OF and a logic high stored, or with V4 applied to PR.
5. Measured with a programmed logic condition for which the output is at a low logic level, and V) applied to PR/OE Output sink current is
supplied through a resistor to Vee.
6. Measured with Vi applied to PR/OE.
7. Duration of short circuit should not exceed 1 second.
8. lcc is measured with the PR/OE input grounded, all other inputs at 4.5V and the outputs open.
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AC ELECTRICAL CHARACTERISTICS
Ry = 4709, R, = 1k, C_ = 30pF, 0°C g Tamp < +75°C, 4.76°CV < Voo < 5.25V

LIMITS
SYMBOL PARAMETER FROM TO PLS168 PLS168A UNIT
MIN [ TYP' [ max | miN | TYP! | MAX
Pulse width3
tekk Clock? High CK+ CK - 25 15 20 15 ns
ek Clock Low CK- CK + 25 15 20 15 ns
tckp Clock Period CK+ CK+ 50 30 40 30 ns
tpRH Preset pulse PR+ PR- 25 15 25 15 ns
Setup time?®
ts1A Input Input £ CK + 60 40 ns
ts1B Input Input + CK + - 50 30 ns
ts1C Input Input + CK + 42 N/A ns
tis2A Input (through Complement Array) Input + CK + 90 70 ns
ts2B Input (through Complement Array) Input CK+ 80 60 ns
ti52C Input (through Complement Array) Input CK + 72 N/A ns
tvs Power-on preset Vee + CK- [¢] ~10 0 -10 ns
tPRs Preset PR- CK- 0 -10 0 -10 ns
Hold time
t [ tnput ] eks [ wmpuwx [ s ] 10 ] | 5 | -0 ] | ns
Propagation delay E
tcko Clock CK+ Output + 15 30 15 20 ns
toe Output enable4 OE - Output - 20 30 20 30 ns
too Output disable4 OE + Qutput + 20 30 20 30 ns
ter Preset PR+ Output + 18 30 18 30 ns
tPPR Power-on preset Vee + Output + [¢] 10 0 10 ns
Frequency of operation?®
fuaxC Without Complement Array 13.9 20.0 MHz
fuaxC With Complement Array 9.8 125 MHz
NOTES:

1. All typical values are at Veg = 5V, Tamp, = +25°C.

2. To prevent spurious clocking, clock rise time (10% — 90%) < 30ns.

3. See "Speed vs. OR Loading"” diagrams.

4. For 3-State output; output enable times are tested with C|_ = 30pF to the 1.5V level, and S; is open for high-impedance to High tests and
closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to-High impedance tests are made to an output
voltage of V1 = (Voi — 0.5V) with S open, and Low-to-High impedance tests are made to the V1 = (VoL + 0.5V) level with S, closed.

TEST LOAD CIRCUIT VOLTAGE WAVEFORMS
veol 14V s
c -I- -L cy It Ry
T o a—
L

| o BT
|
1
|
|
|

|
INPUTS 1y OUT

o———» CLK Bz
GND OUTPUTS =
_L MEASUREMENTS:
All circuit delays are measured at the +1.5V level of
NOTE: = Inputs and outputs, unless otherwise specified.
C1 and Cp are to bypass Vg to GND. Input Pulses
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PLS168/A

TIMING DIAGRAMS

TIMING DEFINITIONS

o1t :)@v

1.5V

+3V

I.SV?
CLK s

le—— “s__.‘ CKH

]

CRP

%s —‘1
[ +3V
1.5V 1.5V

ov

ov

Fo-a/Po-3

fMAX

oo
1.5V

OE

Flip-Fiop Outputs

VoH

Vou

+3V

ov

lo-11 1.5V

CLK

1.5 1.5V
tek tcKL™

15V

Fo-3/Po-3

PR

tcko

1.5V
|\

-

Asynchronous Preset

7‘4.5v
Vee

1.5

j*‘CKO

(Fp)=1

i tKp

1.5V

CLK e oo e e s e s cem

iy

1.5V 1.5V

[+ K

tvs

(Fn+1)

1.5V-

1.5v

lo-11

s —se— 1y

Power-On Preset

+5V

ov

VoH

VoL

+3V

ov

+3V

ov

+3V

ov

VoH

oL

+3V

ov

SYMBOL

PARAMETER

fokn

Width of input clock pulse.

tokL

Interval between clock pulses.

tckp

Minimum guaranteed clock
period.

tisy

Required delay between
beginning of valid input and
positive transition of clock.

tis2

Required delay between
beginning of valid input and
positive transition of clock,
when using optional
Complement Array (two
passes necessary through the
AND array).

tvs

Required delay between Vec
(after power-on) and negative
transition of clock preceding
first reliable clock pulse.

Required delay between
negative transition of
asynchronous Preset and
negative transition of clock
preceding first reliable clock
pulse.

tn

Required delay between
positive transition of clock and
end of valid input data.

tcko

Delay between positive
transition of clock and when
outputs become valid (with
PR/OE Low).

toe

Delay between beginning of
Output Enable Low and when
outputs become valid.

Delay between beginning of
Output Enable High and
when outputs are in the
OFF-State.

tsre

Delay between input lg
transition to Diagnostic mode
and when the outputs reflect
the contents of the State
Register.

tsrp

Delay between input Iy
transition to Logic mode and
when the outputs reflect the
contents of the Output
Register.

Delay between positive
transition of Preset and when
outputs become valid at “1".

tPPR

Delay between V¢ (after
power-on) and when outputs
become presetat“1".

tPRK

Width of preset input pulse.

fmax

Minimum guaranteed
operating frequency.
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PLS168/A

TIMING DIAGRAMS (Continued)

+3V
1 >(Tsv
ov
—————,— L0V
l-s.-ov ' -5 8.0V
o Km g
*—tH
l +3V
CLK 1.5V 1.5V
————-—; J ov
e e —el—
INTERNAL _ %S ‘CKH - Vou
STATE REG.
®s) (Ng)
VoL
[ tSRE [ tspD™
OUTPUT F F Yor
(Fo) 1.5V (Frs1) W 1.5V (Fre)
T V) ) VoL
I~ 1cKo
OF = emm ov

Diagnostic Mode

SPEED VS. “OR” LOADING

The maximum frequency at which the PLS

1 60 T The two other entries in the AC table, tis; A
can be clocked while operating in sequential 4318 7 and B are corresponding 24 and 16 term lim-
mode s given by: 50 ﬁs. s 4514 its when using the on-chip Complement
1
(1/fwax) = toy = tis + teko . ® > Array.

. The worst case of ti for a given application
This frequency depends on the number of - . 1S T0r 2 SV "
transition terms T, used. Having all 48 terms 2 ¥ can be determined by identifying the OR line
connected in the AND array does not appre- 2 wqh the maximum numbe(oanconpecllons.
ciably impact performance; but the number This can be 4_done by refer ring to the intercon-
of terms connected to each OR line affects 10 nectpattern inthe PLSlogicdiagram, typical-
ts, due to capacitive loading. The effect of ly 1Ilgstrated lan:gu;?HCt. OEE}’ counting the
this loading can be seeniin Figure 1, showing 0 & 16 24 32 40 m'at:lmur;n num f:: e or P entries '.F gre
the variation of tig; with the number of terms TERMS CONNECTED/OR oftne columns of Ine device Frogram lable.
connected per OR. This number plotted on the curve in Figure 1

. . Figure 1. PLS168 54 vs. or 2 will yield the worst case tig and, by impli-
s 10, ot et FermsioR Cometed caton, o i kg roqoney
and tig, (refer to Figure 1). The first, tisq is reliable operation.
guaranteed for a device with 48 terms con- s I Note that for maximum speed all UNUSED
nected to any ORine. tigg is guaranteed for 50 / transition terms should be disconnected from
adevice with 32 terms connected to any OR 451A / the OR array.
line. And tigyc is guranteed for a device with ©
24 terms conntected to any OR line. 2 4s4B TRANSITION TERMS Ty,
Thethreeotherentriesinthe AC table, tis2 A, g%
B, and C are corresponding 48, 32, and 24 = [‘J [jd]f)tj
term limits when using the on-chip Comple- 20 . (@)

TERMS/ “OR"
ment Array. 10 orn (2 D ARRAY|
The PLS168A AC electrical characteristics (3) B
contain two limits for the parameters tig; and ;or
tisa (refer to Figure 2). The first, tig4 is guar- 0 8 1 24 32 & USED
anteed for a device with 24 terms connected TERMS CONNECTED/OR
to any OR line. tig4g is guaranteed for a de-

ice wi ; Figure 2. PLS168A tig, vs. Figure 3. Typical OR Array
vice with 16 terms connected to any ORline. Terms/OR Connected Interconnect Paltern
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PLS168/A

LOGIC PROGRAMMING

The PLS168/A is fully supported by industry
standard (JEDEC compatible) PLD CAD
tools, including Signetics' AMAZE design
software package. ABEL™, CUPL™ and
PALASM® 90 design software packages also
support the PLS168/A architecture.

PRESET/OE OPTION — (P/E)

All packages allow Boolean and state
equation entry formats. ABEL and CUPL also
accept, as input, schematic capture format.

PLS168/A logic designs can also be
generated using the program table entry
format detailed on the following pages. This
program table entry format is supported by
the Signetics AMAZE PLD design software

PROE
E=1
(ALWAYS
ENABLED)
OPTION CODE
[ PRESET! ] H ]

PRIOE
P=0
(PRESET E
DISABLED)
[ OPTION [ cooe |
{ OF L]

PROGRAMMING:

The PLS168/A has a power-up preset feature. This feature insures that the device will power-up
in a known state with all register elements (State and Output Register) at logic High (H). When
programming the device it is important to realize this is the initial state of the device. You must
provide a next state jump if you do not wish to use all Highs (H) as the present state.

“AND” ARRAY - (1), (P)

(PTP module). AMAZE is available free of
charge to qualified users.

To implement the desired logic functions, the
state of each logic variable from logic
equations (I, B, O, P, etc.) is assigned a
symbol. The symbols for TRUE,
COMPLEMENT, INACTIVE, PRESET, etc.,
are defined below.

Lp Lp Lp Lp
,P LP LP
P P TP
Tn Tn Tn
STATE | STATE ] cooE | [ STATE [ cooE | | STATE [ cooe ]
I INACTIVE: 2 | o | [ LP I w | iP | | ponveare | - |
“OR” ARRAY - (N), (F)
Tn Th Tn Tn
wd Db | A D e | DA b | 2D
st | | oA DA | m DA | e
| AcToN | cooe | [~ acmon [ cooE | |~ AcmoN [ cooe | | action [ cooe |
L_mnacnve®3 | o | [ SET 1 v ] | RESET | | | nochance | - |
“COMPLEMENT” ARRAY - (C)
c c c ¢
c c c c
Tn Tn Tn Tn
. |_ACTIoN | cope | [ acmon | cope | [ Acmon [ cope | [ Acmon [ cooe |
_macver4 | o | [ _cenerate | A | | Proracate | * | | TRaNsPARENT | - |
NOTES:

1.
2.
3.

This is the initial unprogrammed state of all
flip-flop truth tables).
4.

ABEL Is atrademark of Data VO Cormp.
CUPL is a trademark of Logical Devices, Inc.
PALASM is a registered trademark of AMD Corp.
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To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tj,.
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Any gate T, will be unconditionally inhibited if both the true and complementof any input (I, P) are leftintact.
To prevent snmultaneous Set and Reset flip-flop commands, this state is not allowed for N and F link pairs coupled to active gates T, (see
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PROGRAM TABLE
PROGRAM TABLE ENTRIES
CUSTOMER NAME _____Aw__ o ___OoR_____ |
PURCHASE ORDER#___ INACTIVE ) | [macnve . 0
SIGNETICS DEVICE # CF {(XXXX) GENERATE ' A N | SET ' H Ne, Fr
CUSTOMER SYMBOLIZED PART # PROPAGATE _» _ » " | | BESET L
TOTAL NUMBER OF PARTS TRANSPARENT, — L NOCHANGE , —
PROGRAM TABLE INACTIVE L0 . TTTeRTION T T T
REV, LP ' H ImPe | T T ]
1P L PRESET . _H
: . 2= PIE
DATE DON'TCARE |, — OE ! ’
AND opnou(p/'E; T
INPUT (1) PRESENT STATE (Pg) _‘ REMARKS NEXT STATE (Ns) OUTPUT (Fr)
TeRMfc b oo oo L s T . [, et ey
1]10] e[ 8F7 % 4]3]32 osa7ssalﬁﬂzvo 9lal716l5T4) 12l 0312 7l0
]
1 — — —
2 | N 1 1 X
3 . N M )
4 [l N " []
5 ] 1 I ]
6 ) [ ] 0
7 [ 0 [ 0
8 . 0 " i
9 v 0 T v
10 — —T —T— )
11 N T M *
12 A N : 1
13 N s 1
14 fl 1 1 !
15 L] (] (] ]
16 [ [] ] [
17 ! ] 0 O
18 T v 0
19 ¥ v — .
20 v T v r
o . v +
22 q N 2
23 1 N 2 ]
24 [] 1 N ]
’_2_§ 1 ] ) [
26 [] 1 ] 0
27 ] 0 ¥ T
28 T 0 T T
29 v T T T
o — — . v
31 N . N
|32 L N " 2
33 y N . '
34 [l 1 L Ll
| 38 ' ) ' '
36 [} ] [ 0
37 ] 0 0 T
338 T i T T
39 T v v
40 — —T T +
i ’ v v :
42 L 1 " A
43 ] N 1 L]
44 . ] 1 !
45 [} ] f [
46 ' [] 1 i
47 _ L [] 0 T
PIN
NO. |18|19f2o|21f22[23]2 |34 )5 |67 16(15[14[13[11[10[ 9 |8
o
w
3=
= <
F4
g
NOTES:

1. The device is shipped with all links initially intact. Thus, a background of “0" for all Terms, and an “H" for the P/E option, exists in the table,
shown BLANK instead for clarity.

2. Unused Cy, Im, and P; bits are normally programmed Don't Care (-).

3. Unused Transition Terms can be left blank for future code modification, or programmed as (-) for maximum speed.

4. Letters in variable fields are used as identifiers by logic type programmers.
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TEST ARRAY
Ve 0 45V
The PLS may be subjected to AC and DC
parametric tests prior to programming via an ‘ (ln + Fo)Fp Vee
on-chip test array.
The array consists of test transition terms 48
and 49, factory programmed as shown
below. fn- FeFn (- FrFn Po.9 Po3
o X h >
Testing is accomplished by clocking the @ CLOCK o CLK Fog [—> F
FPLS and applying the proper input
pplying the proper input (O +Fo)Fn PROE
sequence 1o lp.13 as shown in the test circuit =
timing diagram. | GN
State Diagram =
FPLS Under Test
OPTION (P/E) [
T AND OR
s e [Ti INPUT (Im) PRESENT STATE (Ps) NEXT STATE (Ns) OUTPUT (Fr)
n I e S I —
M 1ﬂoe7sﬂ4aztoos7ssaa 1]o| (o8 T7]% 4[3[2] [0 2[1]0
@ | A [H|u|[A[H[u[n|n[H{alw[A[A|[a[nW[n[r{a[n{a[w[a| [C{o]of]ofefojofofofolufo]c
49 . Jufofefefe oo oo oo oo e fefofefofo] [(wlH[n[s[n[n{n(n]s[n]H]n]H][H
Test Array Program
435 v
Vee _7
ov
ICKR
tvs teKL
Both terms 48 and 49 must be deleted ViH
during user programming to avoid interfering CLK "5:7 1.5V 15V
with the desired logic function. This is 1 . . Vi
accomplished automatically by any 151 i usz,j, M
Signetic’s qualified programming equipment, . =" °° ViH
lo-11
ViL
3v
Fo3
ov
HIGH
STATE
REGISTER
LR L Low
Test Circuit Timing Diagram
OPTION (P/E) H
T AND OR
;‘ c _‘T‘—L INPUT (Im) PRESENT STATE (Ps) NEXT STATE (Ns) OUTPUT (Fr)
n O U B A J P
M 1jofo 87 |G 4]3[2] 1[0 e s]7[e[s5[4]3[2]1]o| [e]e[7]e[s4]3[2]Jo|3[3]i]0
48 - |H W|H[R|H]|H[H[H]|H[H|R|A[H|H|H[H[AJH[H[H[H[A] [=[-|=1=|=1-]~-1-1-|=-{-1-|-[-
49 o Jrjedofefofefefel e e e e e e e e e e (=1=1=1-1=1-T==1-1-1-1-1-1-
Test Array Deleted
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Programmable Logic Devices

DESCRIPTION

The PLS179 is a 3-State output,
registered logic element combining
AND/OR gate arrays with clocked J-K
flip-flops. These J-K flip-flops are
dynamically convertible to D-type via a
“foldback” inverting buffer and control
gate, Fg. It features 8 registered /O
outputs (F) in conjunction with 4
bidirectional I/O lines (B). There are 8
dedicated inputs. These yield variable
1O gate and register configurations via
control gates (D, L) ranging from 20
inputs to 12 outputs.

The AND/OR arrays consist of 32 logic
AND gates, 13 control AND gates, and
21 OR gates with fusible link
connections for programming 1/0
polarity and direction. All AND gates are
linked to 8 inputs (1), bidirectional I/O
lines (B), internal flip-flop outputs (Q),
and the Complement Array output (C).
The Complement Array consists of a
NOR gate optionally linked to all AND
gates for generating and propagating
complementary AND terms.

On-chip T/C buffers couple either True
(I, B, Q) or Complement (I, B, Q, C)
input polarities to all AND gates, whose
outputs can be optionally linked to all
OR gates. Any of the 32 AND gates can
drive bidirectional I/O lines (B), whose
output polarity is individually
programmable through a set of EX-OR
gates for implementing AND-OR or
AND-NOR logic functions. Similarly, any
of the 32 AND gates can drive the J-K
inputs of all flip-flops. Four AND gates
have been dedicated for the
Asynchronous Preset/Reset functions.

All flip-flops are positive edge-triggered
and can be used as input, output or /0
(for interfacing with a bidirectional data
bus) in conjunction with load control

PLS179

Programmable logic sequencer

(20 x 45 x 12)

gates (L), steering inputs (1), (B), (Q)
and programmable output select lines
(E).

The PLS179 is field programmable,
enabling the user to quickly generate
custom patterns using standard
programming equipment.

Order codes are listed in the Ordering
Information Table.

FEATURES
® fuax = 18.2MHz
— 25MHz clock rate
® Field-Programmable (Ni-Cr fink)
® 8 dedicated inputs
@ 13 control gates
® 32 AND gates
® 21 OR gates
® 45 product terms:
- 32 logic terms
— 13 control terms
® 4 bidirectional I/0 lines
® 8 bidirectional registers
® J/K, T, or D-type flip-flops
® Asynchronous Preset/Reset
® Complement Array
® Active-High or -Low outputs
® Programmable OE control
® Positive edge-triggered clock

® Power-on reset on flip-flop
(Fa="17)

® Input loading: — 100pA (max.)

® Power dissipation: 750mW (typ.)
® TTL compatible

® 3-State outputs

289

PIN CONFIGURATIONS
N Package

CLK lj [24] vee
o [2] = B3
B 2] F7
2 S 21] Fs
13 [5] 0] Fs
ls 5] 1] Fa
15 [7] 18] F3
I (8] 17] Fz
7 (3] [16) Fy
8 [i9] [75] Fo
By E E Bz

GND [12] [13] OE

N = Plastic DIP (300mil-wide)

A Package
12 1y g ClLKVceB3 Fr

By By GNDTE By Fg Fq

A = Plastic Leaded Chip Carrier

APPLICATIONS

® Random sequential logic
® Synchronous up/down counters
® Shift registers

® Bidirectional data buffers

® Timing function generators

® System controllers/synchronizers

® Priority encoder/registers
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Programmable logic sequencer (20 x 45 x 12)

PLS179

FUNCTIONAL DIAGRAM
(LOGIC TERMS) (CONTROL TERMS)
P R L D E
. 4 <=
-D—l‘} H |
e =
[¢]
o] gl
c
TP o
= ~lP r
J  q F
1 K —t— K
1
Ta31 To Fc
FLIP-FLOP TRUTH TABLE LOGIC FUNCTION VIRGIN STATE
The factory shipped virgin device contains all
GEJL ck PR JKIQ F Q3 G2 Q1 Q0 fusible links intact, such that:
H H/Hi-Z -n-n e PRESENT STATE 1. OEis always enabled.
L |IX X X X X X|L H 2. Presetand Reset are always disabled.
STATE REGISTER “B-Cr...
L X X HL X X[H| L W 3. All transition terms are disabled.
ofo]o NEXT STATE
LjX X L HXXt H ! @ 4. Allflip-flops are in D-mode unless
L JL T vt LLjap Q SETGyidp =03 Tp-Qy-Tg) KB+ C.. g:h;r:vg;g::gdr)ammedtoJ-KonlyorJ~K
L JL T L L L HL H Ko=0 .
L JL T L L HLJH L RESET Qy:Jq=0 5. All B pins are inputs and all F pins are
Ky=(Q3T2- 0y Tg)-R-B-C... outputs unless otherwise programmed.
L JL T L L HH[O|l aQ HOLD Gg:J2 =0
S L o TOGGLEO:Z:O(O;,UQUO)KBC
:Jg=(03-Tp-Qy-Tg) K-B-C...
H|H T L LHL|H| L K3=(Q3-TUp*Qq*Tg)*A-B-C...
+OVIX T X X L H{fL|] H**
e NOTE:
X T XXHLH]L Similar logic functions are applicable for D
NOTES: and T mode flip-flops.
1. Positive Lo |c
JK=To+T1+Taiiiiieiieennens Taq
Tn—cﬂo - lz ) (Qo-Qy )
2. 1f enotes transition from Low to High level.
3. X=Don'tcare
4. * =Forced at F,, pin for loading the J-K

flip-flop in the Input mode. The load
control term, L, must be enabled (HIGH)
and the p-terms that are connected to the
associated flip-flop must be forced LOW
(disabled) during Preload.

5. AtP =R =H, Q=H. The final state of Q@
depends on which is released first.

6. ** =Forced at Fj, pin to load J-K flip-flop
independent of program code (Diagnostic
mode), 3-State B outputs.

May 11, 1988
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Programmable logic sequencer (20 x 45 x 12) PLS179

LOGIC DIAGRAM
B (LOGIC TERMS-T) oo (CONTROL TERMS) ———————————8&

[13] oe

3

ap—

S N i
JO00000000
Pg{RBIPA|RALB(L .(ﬁJJ D2|D% D:—‘ ?ESEB

o
=]

of
B
3

F6

x <hHx <HHx <
ol
— 1)
.
B

!
’g
o
H|
a

D_
B
z

(X

[

3180000242300 00 016150000008 7e0vens 0 F¢ o« EJCLK
NOTES:

1. All OR gate inputs with a blown link float to logic “0".

2. All other gates and control inputs with a blown link float to logic *1*.
3. @ denotes WIRE-COR.

4. % Programmable connection.
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Programmable logic sequencer (20 x 45 x 12) PLS179
ORDERING INFORMATION THERMAL RATINGS
DESCRIPTION ORDER CODE TEMPERATURE
24-Pin Plastic DIP (300mil-wide) PLS179N Maximum junction 150°C
28-Pin Plastic Leaded Chip Carrier PLS179A Maximum ambient 75°C
Allowable thermal rise 75°C
ABSOLUTE MAXIMUM RATINGS? ambient to junction
RATINGS
SYMBOL PARAMETER MIN MAX UNIT
Vee Supply voltage +7 Voc
Vin Input voltage +5.5 Voc
Vour Output voltage +5.5 Voc
Iin Input currents -30 +30 mA
lout Qutput currents +100 mA
Tamb Operating temperature range 0 +75 °C
Tsig Storage temperature range -85 +150 °C
NOTES:

1. Stresses above those listed may cause malfunction or permanent damage to the device. This
is a stress rating only. Functional operation at these or any other condition above those
indicated in the operational and programming specification of the device is not implied.

DC ELECTRICAL CHARACTERISTICS
0°C < Tamp £+75°C, 4.75V S Vg £5.25V

LIMITS
SYMBOL © PARAMETER TEST CONDITION min | Tver | mAX | uniT

Input voltage?
Vi High Vee = MAX 20 v
Vi Low Vee = Min 0.8 \%
Vic Clamp Voo = MIN, Iy =—-12mA -0.8 -1.2 v
Output voltage?
Vou High Vee = MIN, oy = —2mA 24 v
VoL Low’ loL = 10mA 0.35 05 v
Input current
I High Vee = MAX, Viy =55V <1 40 HA
I Low Viy = 0.45V -0 | -100 pA
Output current
lo(orr) Hi-Z state% 7 Vee = MAX, Voyt = 5.5V 1 80 pA

Vour = 0.45V —140 HA
los Short circuit® S Vout =0V -15 -70 mA
lec Vcc supply currents Vee = MAX 150 210 mA
Capacitance
CiN Input Vee =50V, Viy=2.0V 8 pF
Cout Output Vour = 2.0V 15 pF

NOTES:

. Al typical values are at Vg = 5V, Tapp = +25°C.

. All voltage values are with respect to network ground terminal.

. Test one at a time.

. Measured with V|4 applied to OE.

. Duration of short circuit should not exceed 1 second.

. lcc is measured with the OE input grounded, all other inputs at 4.5V and the outputs open.
. Leakage values are a combination of input and output leakage.

NOOA~WOWND =
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AC ELECTRICAL CHARACTERISTICS
Ry = 4700, Ry = 1kQ, G = 30pF, 0°C < Tamp < +75°C, 4.75°CV < Vg < 5.25V

SYMBOL PARAMETER FROM TO TEST LIMITS UNIT
coNDITION [ MINS | TYP! | MaX
Pulse width3
tokn Clock? High CK+ CK- Cy = 30pF 20 15 ns
tekL Clock Low CK- CK + C_ = 30pF 20 15 ns
tckp Clock period CK+ CK+ CL = 30pF 40 30 ns
tPRH PreseVReset pulse (I, B) - (I, B) + C_ =30pF 35 30 ns
Setup time
tis1 Input (I, B+ CK+ C_ = 30pF 35 30 ns
tis2 Input (through Fy) Ft CK+ C_ = 30pF 15 10 ns
tisa Input (through Complement Array)* (,B) % CK + C_ = 30pF 55 45 ns
Hold time
tie Input (,Byx CK + CL =30pF 0 -5 ns
tine Input (through F) Ft CK + Cy = 30pF 15 10 ns
Propagation delay
tcko Clock CK+ Fx CL = 30pF 15 20 ns
tog Output enable® OE - F- C, = 30pF 20 30 ns
top1 Output disable? OE + F+ CL =5pF 20 30 ns
trp Output (,B)x B+ Cp =30pF 25 35 ns
toge Output enable® (I, B) + Bzt Cy = 30pF 20 30 ns
top2 Output disable® (,B) - B+ CL =5pF 20 30 ns
trrO Preset/Reset (l, B) + Fz+ Cy = 30pF 35 45 ns
trpR Power-on preset Ve + F- Cy = 30pF 0 10 ns
NOTES:

1. All typical values are at Vgg = 5V, Tamp = +25°C.

2. To prevent spurious clocking, clock rise time (10% —90%) < 10ns.

3. For 3-State output; output enable times are tested with C_ = 30pF to the 1.5V level, and S, is open for high-impedance to High tests and
closed for high-impedance to Low tests. Output disable times are tested with C_ = 5pF. High-to-High impedance tests are made to an output
voltage of V1 = (Von — 0.5V) with Sy open, and Low-to-High impedance tests are made to the V1 = (Vg + 0.5V) level with S, closed.

4. When using the Complement Array tckp = 75ns (min).

5. Limits are guaranteed with 12 product terms maximum connected to each sum term line.

VOLTAGE WAVEFORMS TEST LOAD CIRCUIT
+3.0V o
vVee T +5V Sy
ov L ¢ L c $n
—Pl Snel R W 5mL— il n—
ST "l BY T
+3.0v - | ! > _I_
| | R2 3 CL
INPUTS In DUt | <
10% ° *1Bw | _J
oV———t— | |
— 5""‘_ _’|5"‘ ; zi oo 2 ouTPUTS ==
MEASUREMENTS: 1
All circuit delays are measured at the +1.5V level =

of inputs and outputs, unless otherwise specitied. NOTE:

lnput Pulses C1 and Cp are to bypass Vo to GND.
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PLS179

TIMING DIAGRAMS

TIMING DEFINITIONS

18
(INPUTS) 1.5V

+3V

. %t 1.5V
e —"
S~ ICKH—**— tCKL—*]

tCKP Vo
1.5V )( vr
M tek
15V
tOE1

tony
1.5V
Flip-Flop Outputs

+3V
1.5V
ov
" YH1 451
7

F
(OUTPUTS)

VoL

+3V

ov

SYMBOL PARAMETER

tekH Width of input clock pulse.

Interval between clock pulses.

Minimum guaranteed Clock
period.

teRH Width of preset input pulse.

Required delay between
beginning of valid input and
positive transition of clock.

tis1

Required delay between
beginning of valid input forced
at flip-flop output pins, and
positive transition of clock.

tis2

Required delay between
positive transition of clock and
end of valid input data.

Y1

LB
(INPUTS)

~

B
(OUTPUTS)

top2— 7|

, B
(OUTPUT +1.5V ¢ +1.5V

ENABLE)

Gate Outputs

4.5v

l‘ tPPR™]
F
ouTPuTS) @Z‘ =

X

Vee

[*~teKi

I,B
(INPUTS)

[ H1 Ys1—*

1.5V

1.5‘/]

[ 4S1——>+— 1CKH

teKL—

KV

Power-On Reset

+5V

ov

VoH

VoL

+3V

ov

+3V

+3V

ov

VoH

VoL

KV

ov

Required delay between
positive transition of clock and
end of valid input data forced
at flip-flop output pins.

tivz

Delay between positive
transition of clock and when
outputs become valid (with
OE Low).

Delay between beginning of
Output Enable Low and when
outputs become valid.

Delay between beginning of
Output Enable High and
when outputs are in the
OFF-State.

Delay between Vg (after
power-on) and when flip-flop
outputs become presetat *1”
(internal Q outputs at *0”).

tPpR

Propagation delay between
combinational inputs and
outputs.

o

Delay between predefined
Qutput Enable High, and
when combinational Outputs
become valid.

Delay between predefined
Qutput Enable Low and when
combinational Outputs are in
the OFF-State.

Delay between positive
transition of predefined
Preset/Reset input, and when
flip-flop outputs become valid.

trRO
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TIMING DIAGRAMS (Continued)

+3V

18
(INPUTS) 15V

ov

+3v
CLK_/_\ & Y
- OV

— 4s1® —4 4s1 tcko >
+3V

PRESET/RESET y 1V
ov

0, BINPUTS) e R
0——_—————"—_ (PRESET) /1T
___ResEn
< tpRo

F /[~ L REsED \ ( VoH
15 .5V
(OUTPUTS) K (PRESET) 7 L1

VoL
* Preset and Reset functions override Clock. However, F outputs may glitch with the first positive Clock Edge if 1151
cannot be guaranteed by the user.

Asynchronous Preset/Reset

LB +3V
(LOAD SELECT) >(1.sv )(1.5v
ov
/ - WV
OE 15V 1.5V
/| o
toE1 —*
1/ —
L < \
—————ee —
|
. | +3V Vou
NPUTS) vr (FORCED Dyy) ) 1.5V
- oV VoL
[*— tom 452 H2 —>]
+3V
* _/_
—ov

S

Flip-Flop Input Mcde
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To implement the desired logic functions, the
state of each logic variable from logic
equations (I, B, O, P, etc.) is assigned a
symbol. The symbols for TRUE,
COMPLEMENT, INACTIVE, PRESET, etc.,
are defined below.

LOGIC PROGRAMMING

The PLS179 is fully supported by industry
standard (JEDEC compatible) PLD CAD
tools, including Signetics' AMAZE, Data I/O
Corporation’s ABEL™, and Logical Devices
Inc.'s CUPL™ design software packages.

PLS179 logic designs can also be generated
using the program table entry format detailed
on the following pages. This program table
entry format is supported by the Signetics
AMAZE PLD design software (PTP module).
AMAZE is available free of charge to qualified

users.
All packages allow Boolean and state

equation entry formats. ABEL and CUPL also
accept, as input, schematic capture format.

“AND” ARRAY - (1), (B), (Qp)

b— 1,8, Q $— 1,B,Q —1B,Q —1,B,Q
»— 1B, Q +— L B,Q — LB, Q — LB, Q
(LFc, LR R D (T Fc,LLP.R, D)y (LFc, LR R, D) (TLFC, LAR D
STATE CODE STATE CODE STATE CODE STATE CODE
INACTIVE™ 2 o 1,B,Q H 18,0 L DON'T CARE -
“COMPLEMENT” ARRAY - (C)
c c c c
c c c c
(Tn, FC) (T Fc) (T FO) (Tn Fe)
ACTION CODE ACTION CODE ACTION CODE ACTION CODE
INACTIVE: 3 8 o GENERATE® A PROPAGATE Q TRANSPARENT -
“OR” ARRAY - (F-F CONTROL MODE) “OR” ARRAY - (Q,, = D-Type)
Fc Fc Tn Tn
— J  —a | — J |—a — J a4 J }—o
n—4 — M = ENABLED M = ENABLED
b K — K - K — K
ACTION CODE ACTION CODE Tn STATUS CODE Tn STATUS CODE
J-KORD 1 .
(COMTOLLED) A K . ACTIVE (Set) A INACTIVE (Reset)
Notes on following page.
ABEL is a trademark of Data VO Corp.
CUPL is a trademark of Logical Devices, Inc.
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“AND” ARRAY — (Qy = J-K Type)

Tn Tn Tn Tn
—4 J t—a| -4 J ol A J |—a — J  |—-a
M = DISABLED M = DISABLED M = DISABLED M = DISABLED
- K — K —4 K =1 K
ACTION CODE ACTION CODE ACTION CODE ACTION CODE
TOGGLE [ SET H RESET L HOLD -
“OR"” ARRAY - (S or B) “EX-OR” ARRAY - (B)
T T D | D
RR,S PR,S
(ORB) (ORB)
Tp STATUS CODE Tn STATUS CODE POLARITY CODE POLARITY CODE
ACTIVE? A INACTIVE . Low! L HIGH H
“OE” ARRAY - (E)
—D>—t— | «—D—— | =O—D>—— | =O—D>——
LT L N S L
En En En En
ACTION CODE ACTION CODE ACTION CODE ACTION CODE
IoLE® 4 [} CONTROL A ENABLE* . DISABLE -
NOTES:
1. Thisis the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates.
2. Any gate (T, F¢, L, P, R, D), will be unconditionally inhibited if any one of the |, B, or Q link pairs are left intact.
3. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Ty, F¢.
4. Ep =0 and E, = ¢ are logically equivalent states, since both cause F,, outputs to be unconditionally enabled.
5. These states are not allowed for control gates (L, P, R, D), due to their lack of “OR" array links.

May 11, 1988
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PROGRAM TABLE
AND ] oR ] controL | nomes
_________ T T T T T T T T i P The device is shipped with all links intact, Thus a back-

INACTIVE o] {active 1Al PR, B(O) | UK le 73 | ground of entries corresponding to states of virgin links

1.8,Q H] 8. | LvacTive] ] @=0)  [uorD |'amooe [lie To | exists in thetable, shown BLANK for clarity.

|4 4o L] a@ i | {contoled) | CONTROUI A | 2. Program unused C, I, B, and Q bits in the AND array as (-).

. _ Ea,B Program unused Q, B, P, and R bits in the OR array as (-)
DON'T CARE. | ] ENABLE | o | or(A), as applicable.
1 | DISABLE | - | 3. Unused Terms can be left blank.

INACTIVE o] TOGGLE | 0 | HIGH H | 4. Q(P)and Q (N) are respectively the present and next states

R | (POL) of flip-flops Q.

GENERATE T A o | [sET 1 P ]

PROPAGATE | * l RESET L I F/F MODE Eg Ep POLARITY

- - T

LIGANSPARENT 1 =] | LhOLD | ERREENN [
T AND (OR)
£ 1 B() aP) oM B(O)
R lc

17} M 7i6(sj4ai3{2|1{0]3|2|1|0j7|6]|5 3[211}0 7|6j514fj3{2|1]0]3]|2]|1]0

QO ]

=

] 1

z 2

(] 3

& 4

x 5

Q 6

= e 7

o =

[ od 8

g <

o a L]

= o 10

9 w hi]

o N

w 5 12

m 8 13

(o]

s | £ i

=

o L 16

E o

o

o =

o X e

2] 0

X =}

= 3]

DATE RECEIVED

CF (XXXX)
COMMENTS

DATE

218|888

Fc
Pg
Rp
Lg

REV

o[=|8lclz|®
-.-T
i

CUSTOMER NAME
PURCHASE ORDER #
SIGNETICS DEVICE #
TOTAL NUMBER OF PARTS
PROGRAM TABLE #
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DESCRIPTION

The new PLC42VA12 CMOS PLD from
Signetics exhibits a unique combination
of the two architectural concepts that
revolutionized the PLD marketplace.

The Signetics unique Output Macro Cell

(OMC) embodies all the advantages and -

none of the disadvantages associated
with the “V” type Output Macro Cell
devices. This new design, combined
with added functionality of two program-
mable arrays, represents a significant
advancement in the configurability and
efficiency of multi-function PLDs.

The most significant improvement in the
Output Macro Cell structure is the
implementation of the register bypass
function. Any of the 10 J-K/D registers
can be individually bypassed, thus
creating a combinatorial I/O path from
the AND array to the output pin. Unlike
other *V” type devices, tha register in the
PLC42VA12 Macro Cell remains fully
functional as a buried register. Both the
combinatorial /O and buried register
have separate input paths (from the
AND array). In most V-type architec-
tures, the register is lost as a resource
when the cell is configured as a
combinatorial IO. This feature provides
the capability to operate the buried
register independently from the
combinatorial /O.

The PLC42VA12 is an EPROM-based
CMOS device. Designs can be
generated using Signetics AMAZE,
SNAP and SLICE PLD design software
packages or one of several other com-
mercially available JEDEC standard
PLD design software packages.

PLC42VA1i2

CMOS programmable

multi-function PLD
(42 x 105 x 12)

FEATURES
® High-speed EPROM-based CMOS
Multi-Function PLD
- Super set of 22V10, 32VX10 and
20RA10 PAL® ICs
© Two fully programmable arrays
eliminate “P-term Deplstion”
— Up to 64 P-terms per OR function
® I[mproved Output Macro Cell Structure
~ Individually programmable as:
* Registered Output with
feedback
* Registered Input
* Combinatorial IO with Buried
Register
* Dedicated IO with feedback
* Dedicated Input (combinatorial)
-~ Bypassed Registers are 100%
functional with separate input and
feedback paths
- Individual Output Enable control
functions
* From pin or AND array

® Eleven clock sources

© Register Preload and Diagnostic Test
Mode Features

® Security fuse

APPLICATIONS

© Mealy or Moore State Machines
~ Synchronous
- Asynchronous

© Multiple, independent State Machines
® 10-bit ripple cascade

® Sequence recognition

® Bus Protocol generation

® |ndustrial control

© A/D Scanning

PAL Is a registered trademark of Monolithic Memories, Inc., a wholly owned subsidiary of Advanced Micro Devices, Inc.
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PIN CONFIGURATIONS

FA and N Packages

ek [1] 24] Voo
w2 B
12 3] Mg
13 [4] [21] My
TR 2] Mg
15 [6] (/ \\ 1] w5
@ N/ [Elm
i7 [E] 7] M3
18 3] [15] My
8o [ig 18] My
By ] [14] Mo

GND |:l 13 15/0E

N = Plastic DIP {300mil-wide)

FA = Ceramic DIP with Quartz Window (300mil-wide)

A Package
[V
I 11 CLKNCVee Mg Mg
4] {3] [2] [1] [es] 7] ]
I3 E, . 25]
4 (5] 24]
15 [7] 23]
Ne (3] 22]
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FUNCTIONAL DIAGRAM
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CMOS programmable multi-function PLD
(42 x 105 x 12) PLC42VA12

ORDERING INFORMATION

DESCRIPTION ORDER CODE
24-Pin Ceramic Dual In-Line with window,
Reprogrammable (300mil-wide) PLCA2VA12FA
24-Pin Plastic Dual In-Line,
One Time Programmable (300mil-wide) PLC42VA12N
28-Pin Plastic Leaded Chip Carrier,
One Time Programmable (450mil-wide) PLC42VA12A
ABSOLUTE MAXIMUM RATINGS? THERMAL RATINGS
SYMBOL PARAMETER RATINGS UNIT TEMPERATURE
Vee Supply voltage -051t0+7 Voc Maximum junction 150°C
Vin Input voltage -0.51t0 Vec +0.5 Voo Maximum ambient 75°C
Vout Qutput voltage —0.5to Vec +0.5 Vpe Allowable thermal rise 75°C
ambient to junction
IN Input currents —-10to +10 mA
lout Qutput currents +24 mA
Tamo Operating temperature range Oto +75 °C
Tsig Storage temperature range -65to +150 °C

NOTE:

1. Stresses above those listed may cause malfunction or permanent damage to the device. This
is a stress rating only. Functional operation at these or any other condition above those
indicated in the operational and programming specification of the device is not implied.

AC TEST CONDITIONS VOLTAGE WAVEFORMS

Vee T +5V Sy 430V — — — —

0
'_
[

Ky
A'

Ed

|
INPUTS I DUt

10%
Bu Mz —;b oV————
o—»] GND OUTPUTS —
cK _L = — 5m‘<— —»lsm
= MEASUREMENTS:
NOTE: All circuit delays are measured at the +1.5V level

C4 and Cj are to bypass Vo 1o GND. of inputs and outputs, unless otherwise specified.

Test Load Circuit Input Pulses
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CMOS programmable multi-function PLD
(42 x 105 x 12) PLC42VA12

DC ELECTRICAL CHARACTERISTICS
0°C < Tamw 5 +75°C, 4.75V < Vo < 5.25V

LIMITS
SYMBOL PARAMETER TEST CONDITION MIN TYP? MAX UNIT
Input voltage?
Vie Low Vee = MIN -0.3 08 v
Vin High Vee = MAX 2.0 Veg + 0.3 v
Output voltage?
Voo Low Vee = MIN; oL = 16mA 0.3 0.5
Vo High Vee = MIN; oy = -3.2mA 24 43 \
Input current ’ )
|||_ Low Vin=GND -1 -10 MA
i High VIN = Voc - +1 10 P.A
QOutput current
loorF) Hi-Z state \\//:S’TT - c\;/r?uc) "11 -1100 p"ﬁ
los Short-circuit® Vout = GND -130 mA
lcc Ve supply current (Active)® lout = OMA, f = 15MHz5, Vg = MAX 90 120 mA
Capacitance
C Input Voo =5V, Viy = 2.0V 12 pF
Cg /0 Vg = 2.0V 15 pF
NOTES:

1. All typical values are at Vg = 5V. Tamp = +25°C.
2. All voltage values are with respect to network ground terminal.
3. Duration of short—circuit should not exceed one second. Test one at a time.
4. Tested with Vi = 0.45V, Vi3 = 2.4V.
5. Refer to Figure 1, Alcc vs Frequency (worst case). (Referenced from 15MHz)
The lec increases by 1.5mA per MHz for the frequency range of 16MHz up to 25MHz.
The lcc remains at a worst case of 135mA for the frequency range of 26MHz up to 37MHz.
The g decreases by 1.0mA per MHz for the frequency range of 14MHz down to 1MHz (106mA @ 1MHz).
The worst case lcg is calculated as follows:
— All dedicated inputs are switching.
~ Al OMCs are configured as JK flip-flops in the toggle mode. . .all are toggling.
— Al 12 outputs are disabled.
-~ The number of product terms connected does not impact the Igc.
— lgg levels are identical for both TTL and CMOS input levels.
6. Refer to Figure 2 for Atpp vs output capacitance loading.

+30 ]
+25 5
+20 . //
/
+15 /
§ 10 0 ?
+*
3 d 5 , s
3 / 3 o
1
[}
P
-5 o //
-1.0 -1 4
~15 -2
1 5 10 15 20 25 30 3 40 0 20 40 60 80 100 120 140 160 180 200
KMHz) OUTPUT CAPACITANCE LOADING (pF)
Figure 1. Algg vs Frequency Figure 2, Atpp ve Output
(Worst Case) (Referenced from 15MHz) Capacitance Loading (Typlical)
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CMOS programmable multi-function PLD
(42 x105 x 12) PLC42VA12

AC ELECTRICAL CHARACTERISTICS
0°C < Tamp < +75°C, 4.75V < Vee < 5.25V; R, = 2380, R, = 1700

PLC42VA12
TEST?
SYMBOL PARAMETER FROM TO CONDITION | MIN | TYP' | MAX | UNIT
(CL (PF))
Set-up Time
tisy Input; dedicated clock (I, B, M) +/- CK+ 50 1 23 16 ns
tis2 Input; P-term clock (I, B, M) +/— | (I, B, M) +/— 50 20 13 ns
tisa® Preload; dedicated clock (M) +/- CK+ 50 10 35 ns
tisg? Preload; P-term clock (M) +/— (I, B, M) +/— 50 2 -1.0 ns
e | Lyt ihrough complementarray; 0B M+ | ks 50 50 | 34 ns
Input through complement array;
tiss® Poorm chek, Complement array (B, My+/= | {1, B, M)+~ 50 40 30 ns
Propagation Delay
trDy Propagation Delay (I, B, M)+/— | (I, B, M) +/— 50 20 35 ns
Propagation Delay with complement
tpp2 array (2 passes) (I, B,) +/~ (1, B, M) +/— 50 36 55 ns
tekot Clock to Output; Dedicated clock CK+ (M) +/— 50 13 17 ns
tekoz Clock to output; P-term clock (1, B, M) +/— (M) +/— 50 18 27 ns
Registered operating period;
tapy Dedicated clock (tig + texor) (1, B, M) +/— (M) +/— 50 29 40 ns
Registered operating period;
thp2 P-torm clock (tss + torog) (LBM+— | (M- 50 31 47 ns
Register preload operating period; .
3
trps Dedicated clock (g3 + toxo1) (M) +/— (M) +/~ 50 16.5 27 ns
Register preload operating period;
3
trps P-tarm clock (hise + toxos) (M) +/— (M) +/— 50 17 29 ns
Registered operating period with comple-
3
tRPs ment array; dedicated clock (tiss + tcko1) (1B, M)+~ (M) +/= 50 47 67 ns
Registered operating period with
trpe® complement array; P-term clock (1, B, M) +/- (M) +/~ " 50 48 67 | ns
(tiss + tcko2)
toe1 Output Enable; from /OE pin* /OE - (M) +/— 50 10 20 ns
toes Output Enable; from P-term* (1, B, M) +/~ (B, M) +/— 50 12.5 25 ns
too1 Output Disable; from /OE pin® JOE + g:;‘l’)‘l’ésd 5 10 20 ns
topz Output Disable; from P-term® (1B M+~ | Qubuts 5 145 | 25 ns
tpro? Preset to Output (1, B, M) +/— (M) +/- 50 25 35 ns
tepr3 Power-on Reset (Mn = 1) Vee + (M) +/— 50 15 ns
Hold Time
tiHg Input (Dedicated clock) CK+ (I, B, M) +/— 50 [} -13 ns
[ Input (P-term clock) (I, B, M) +/-. | (I, B,M) +/— 50 5 -75 ns
tiug® Input; from Mn (Dedicated clock) CK+ (M) +/— 50 5 -1.5 ns
tiHe Input; from Mn (P-term clock) (I, B, M) +/- (M) +/— 50 10 35 ns
Pulse Width
tokH1 Clock High; Dedicated clock CK+ CK- 50 10 5 ns
okt Clock Low; Dedicated clock CK- CK+ 50 10 5 ns
toknz Clock High; P-term clock CK+ CK- 50 15 7 ns
tekL2 Clock Low; P-term clock CK- CK+ 50 15 7 ns
tore® Width of preset/reset input pulse (I, B, M) +/— | (}, B, M) +/— 50 30 7 ns
Notes on page 306.
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CMOS programmable multi-function PLD ;
(42x105x12) PLC42VA12

AC ELECTRICAL CHARACTERISTICS (Continued)
0°C < Tamp < +75°C, 4.75V < Vg < 5.25V; Ry = 238Q, R, = 1700

PLC42VA12
TEST?
SYMBOL PARAMETER FROM TO CONDITION MIN TYP! MAX UNIT
(CL(pF))

Frequency of Operation

foxa Dedicated clock frequency C+ C+ 50 50 100 MHz

fcka P-term clock frequency C+ C+ 50 33 714 MHz
Registered operating frequency;

fmaxs Dedicated dlock {tis; + tckor) (I, B, M) +/- (M) +/— 50 25 34.5 MHz
Registered operating frequency;

fuaxe P-term clock (tisp + toxoa) (I, B, M) +/— (M) +/— 50 213 32.3 MHz
Register preload operating

fuaxa® frequency; Dedicated clock (M) +/— (M) +/- 50 37 60.6 MHz
(tisa + tckot)
Register preload operating

fuaxa® frequency; P-term clock ; (M) +/- (M) +/— 50 345 58.8 MHz
(tisa + tckoz) i
Registered operating frequency

fmaxs® with complement array; (I, B, M) +/— (M) +/— 50 14.9 21.3 MHz
Dedicated clock (455 + tokos)
Registered operating frequency

fuaxe® with complement array; (I, B, M) +/— (M) +/— 50 14.9 20.8 MHz
P-term clock (tis + tcko2)

NOTES:

. All typical values are at Vgg = 5V, Tamp = +25°C. These limits are not tested/guaranteed.

. Refer also to AC Test Conditions (Test Load Circuit).

. These limits are not tested, but are characterized periodically and are guaranteed by design.

.- For 3-State output; output enable times are tested with C|_ = 50pF to the 1.5V level, and S; is open for high-impedance to High tests and
closed for high-impedance to Low tests. Output disable times are tested with C = 5pF. High-to-High impedance tests are made to an output
voltage of V1 = (Vo — 0.5V} with S, open, and Low-to-High impedance tests are made to the V1 = (Vg + 0.5V) level with S, closed.

BWON -
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CMOS programmable multi-function PLD
(42x105%x12)

PLC42VA12

OUTPUT MACRO CELL (OMC)
FROM AND ARRAY
TE
FCCONTROL  LOAD PRESET RESET OE
[ 1
—_ OUTPUT ENABLE D_:__t
H cLock® SELECT MUX
FROM OR ARRAY » 1> P Rd—] oLock
ux
JKD ___» | MUX_ D CLK
WUX 4 7
FROM OR ARRAY ——&——@ K o j- 1 M {>c "
TO AND ARRAY : <& } ouTPUT
SELECT
MUX
FROM OR ARRAY __L—)D (REGISTER BYPASS)
TO AND ARRAY : 2 }

Output Macro Cell Configuration
Signetics unique Output Macro Cell design
represents a significant advancement in the
configurability of multi-function Programmable
Logic Devices.

The PLC42VA12 has 10 programmable Out-
put Macro Cells. Each can be individually
programmed in any of 5 basic configurations:
® Dedicated I/0 (combinatorial) with feed-
back to AND array

® Dedicated Input

¢ Combinatorial I/O with feedback and
Buried Register with feedback (register
bypass)

¢ Registered Input

® Registered Qutput with feedback

Each of the registered options can be further
customized as J-K type or D-type, with either
an internally derived clock (from the AND
array) or clocked from an external source.
With these additional programmable options,
itis possible to program each Output Macro
Cellin any one of 14 different configurations.

March 26, 1990

These 14 configurations, combined with the

fully programmable OR array, make the

PLC42VA12 the most versatile and silicon

efficient of all the Output Macro Cell-type
PLDs.

The most significant Output Macro Cell
(OMC) feature is the implementation of the
register bypass function. Any of the 10 J-K/D
registers can be individually bypassed, thus
creating a combinatorial /O path from the
AND array to the output pin. Unlike other
Output Macro Cell-type devices, the register
in the OMC is fully functional as a buried
register. Furthermore, both the combinatorial
1/0 and the buried register have separate
input paths (from the AND array) and
separate feedback paths {to the AND array).
This feature provides the capability to operate
the buried register independently from the
combinatorial I/O.

The PLC42VA12 is ideally suited for both
synchronous and asynchronous logic
functions. Eleven clock sources — 10 driven
from the AND array and one from an external

307

source — make it possible to design synchro-
nous state machine functions, event-driven
state machine functions and combinatorial
(asynchronous) functions all on the same
chip.

Sophisticated control functions support
individual OE control and Reset functions
from the AND array. OE control is also
available from the 1o/OE pin. Register Preset
and Load functions are controlled from the
AND array, in 2 banks of 4 for OMCs M, —
Mg. Output Macro Cells My and Mg have
individual Preset and Load Control terms.

Output Polarity for the combinatorial I/O
paths is configurable via 12 programmable
EX-OR gates. The output of each register
can be configured as inverting (active Low) or
non-inverting (active High) via manipulation of
the logic equations.

The output of each buried register can also
be configured as inverting or non-inverting via
the input buffer which feeds back to the AND
array.
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CMOS programmable multi-function PLD

(42x 105 x12)

PLC42VA12

OUTPUT MACRO CELL PROGRAMMABLE OPTIONS

Fr———————————————————— A
I OUTPUT MACRO CELL |
| | recister | CLOCK OPTIONS !
| SELECT Lock opmt |
| L_oemons I
| |
[ oMC OUTPUT ENABLE| | outPuT

CONFIGURATION [-»| ~ CONTROL
| OPTIONS OPTIONS |
| |
: POLARITY l
OPTIONS
| |
| |
e e e Jd
ARCHITECTURAL OPTIONS
REGISTER SELECT OPTIONS
P R
3 il
| CLOCK I
FROM CK;
oR ARRAY)—] D j OPTIONS
oMc OUTPUT
Q CONFIG. |-»{ contrOL
OPTIONS OPTIONS
FROM
AND ARRAY
REGISTER MODE (D or JK) |- CODE
D-TYPE A
FG CONTROL P-TERM L
P R
P R
CLOCK
> cK -—| OPTIONS I
FROM
OR ARRAY
oMC OUTPUT
1« Q CONFIG. |-=| CcONTROL
OPTIONS OPTIONS
FROM
AND ARRAY
REGISTER MODE (D or JK) | CODE
JK-TYPE .
Fc CONTROL P-TERM -
Notes on page 313.
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OMC Programmable Options

For purposes of programming, the Output
Macro Cell should be considered to be parti-
tioned into five separate blocks. As shown in
the drawing titled “Output Macro Cell
Programmable Options*, the programmable
blocks are: Register Select Options, Polarity
Options, Clock Options, OMC Configuration
Options and Output Enable Control Options.

There is one programmable location
associated with each block except the
Output Enable Control block which has two
programmable fuse locations per OMC.

The following drawings detail the options
associated with each programmable block.
The associated programming codes are also
included. The table titled *Output Macro Cell
Configurations” (page 15) lists all the pos-
sible combinations of the five programmable
options.

Register Select Options

Each OMC Register can be configured
either as a dedicated D-type or a J-K
fiip-flop. The Flip-Flop Control term, Fc,
provides the option to control each Register
dynamically—switching from D-type to J-K
type, based on the Fc control signal.

Register Preset and Reset are controlled
from the AND array. Each OMC has an
individual Reset Control term (RMn). The
Register Preset function is controlled in two
banks of 4 for OMCs My — M3 and My — Mg
(via the control terms PA and PB). OMCs My
and Mg have individual control terms (PMg
and PMg respectively).
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CMOS programmable multi-function PLD

PLC42VA12

(42 x105x12)
REGISTER SELECT OPTIONS (Continued)
P R P R
Q i C‘j Ep
P ] CLOCK P ) CLOCK
FROM CK Ck:
ORARRAY /| D | OPTIONS I > _| OPTIONS I
FROM
OR ARRAY
oMC OUTPUT OMC OUTPUT
. [] CONAG. || conTROL Hx Q CONFIG. |+={ CcoNTROL
’ OPTIONS OPTIONS OPTIONS OPTIONS
FROM FROM
AND ARRAY . o AND ARRAY
REGISTER MODE (D or JK) CODE
DYNAMICALLY CONTROLLABLE A
Fo=LOW Fe = HGH Fc CONTROL P-TERM LorH
POLARITY OPTIONS (for Combinatorial I/O Configurations Only') Polarity Options
When an OMC is configured as a Combina-
FROM : ; : f ;
OR ARRAY D OMC CONFIG. OUTPUT SELECT torial /O with Buried Register, the polarity of
>_f) OPTIONS OPTIONS & the combinatorial path can be programmed
— as Active-High or Active-Low. A configurable
- POLARITY CODE EX-OR gate provides polarity control.
ACTIVE-HIGH (NONJNVERTING) w If an OMC is configured as a Registered
Output, /Q is propagated to the output pin.
FROM Note that either Q or /Q can be fedback to
OR ARRAY D—ﬂ O oG- | OUTFUT CONTROL L] the AND array by manipulating the feedback
logic equations. (TRUE or COMPLEMENT).
= POLARITY CODE
ACTIVE-LOW (INVERTING) 4
CLOCK OPTIONS Clock Options
In the unprogrammed state, all Output Macro
REGISTER SELECT OPTIONS I CLK OPTIONS CODE Cell clock sources are connected to the
EXTERNAL CLOCK A External Clock pin (lo/CLK pin 1). Each OMC
(FROM PIN 1) can be individually programmed such that its
P-term Clock (CKp) is enabled, thus disabling
>—1 peoRY) exg D CLK it from the External Clock and providing
FROM event-driven clocking capability.
ORARRAY oMC OUTPUT This feature support; multiple state machines,
> -1 alet»{ CONFIG. |+ CONTROL clocked at several different rates, alt on one
OPTIONS OPTIONS chip, or the ability to collect large amounts of
AND ARRAY rgndom logic, including 10 separately clocked
fiip-flops.
REGISTER SELECT OPTIONS l cK CLK OPTIONS CODE
L, P-TERM CLOCK .
>—t p(ORY) cK<]
FROM
OR ARRAY
oMC OUTPUT
>-F{m Qlerel CONFIG. (- CONTROL
OPTIONS OPTIONS
T0 —
AND ARRAY ]
Notes on page 313.
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CMOS programmable multi-function PLD

(42x105x%x12) PLC42VA12

OUTPUT MACRO CELL CONFIGURATION OPTIONS

IHEGISTER SELECT OPTIONS |

L

>___

REGISTER SELECT OPTIONS

FROM
OR ARRAY

. CLOCK
7 D(ORY) °"<_—| OPTIONS I

> -1 Q
T

D (OR J) CK ——I SHoeK, l

Notes on page 313.
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FROM 7
OR ARRAY AND ARRAY — |
OMC
> - {0 ofet| conma. | ] M
OPTIONS COMBINATORIAL OPTIONS
T0 _Z}__] FROM OUTPUT
AND ARRAY —| OR >" CONTROL M
ARRAY PD OPTIONS —D
OMC CONFIGURATION CODE
OMC CONFIGURATION CODE
COMBINATORIAL OUTPUT
REGISTERED OUTPUT A WITH BURIED REGISTER 4
(D or JK) (D or JK)
L OMC Configuration Options
Each OMC can be configured as a Registered  Note that an OMC can be configured as
Output with feedback, a Registered Inputora ~  either a Combinatorial I/O (with Buried
Combinatorial /O with Buried Register. Dedi-  Register) or a Registered Output with feed-
S cated Input and dedicated /O configurations back and it can still be used as a Registered
M are also possible. Input. By disabling the outputs via any OE
o ord CLOCK When the Combinatorial /O option is selected, ‘oont;olml;rx]ncn;n, It.he zﬁg in tcra?:«: use'cl asan
| OPTIONS I (the Register Bypass option), the Buried inp ur" d S?GHQ thoa 'otn ol elrm(;: atr
Register remains 100% functional, with its ﬂafsill o Wh e:g's e’r)'f preioa om
OUTPUT own inputs from the AND array and a separate Aet' me(S)' d gn e Lct ) em;):s d th
Q CONTROL feedback path. This unique feature is ideal for ctive-Low and the output is enabled, the
OPTIONS designing any type of state machine; OMC will again function as configured (either
T0 AND synchronous Mealy-types that require both a fﬁ Tblzstor;‘al 'II/'S ofr a :eg:glerei:::put
ARRAY Buried and Output Registers, or asynchronous w hee oac ).' l: .ea:]re s sutl o or
Mealy-types that require buried registers and synchronizing |n|:u! signa's prior
OMC CONRGURATION CODEr combinatorial output functions. Both synchro- commencing a slate sequence.
REGISTERED INPUT Aor® nous and asynchronous Moore-type state
LOAD CONTROL P-TERM He machines can also be easily accommodated
with the flexible OMC structure.
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PLC42VA12

OUTPUT CONTROL OPTIONS

OMC
CONFIG.
OPTIONS

TO
AND AHRAY

Output Enable Control Options
Similar to the Clock Options, the Output
Enable Control for each OMC can be
connected either to an external source
(1/OE, pin 13) or controlled from the AND
array (P-terms DM,). Each Output can also
be permanently enabled.

Cutput Enable control for the two bi-directional
/O (B pins 10 and 11) is from the AND array
only (P-terms DBO and DB1 respectively).

OE CONTROL FUSE | CODE En FUSE CODE
FROM OE PIN A FROM OE PIN A
DM
OoMC
CONFIG. M
OoMC OPTIONS
CONFIG. M
OPTIONS
T0
AND ARRAY
TO
AND ARRAY
OE FUSE CODE En FUSE CODE OE CONTROL FUSE | CODE En FUSE CODE
FROM P-TERM CONTROL * FROM P-TERM CONTROL | Aor0 ALWAYS ENABLED A ALWAYS ENABLED 0

COMPLEMENT ARRAY DETAIL

Pea Ps2 Psreeee Pt Po. FC LMpeoe PMy RM,

WU U DU
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Complement Array Detail

The complement array is a special sequencer
feature that is often used for detecting illegal
states. Itis also ideal for generating IF-
THEN-ELSE logic statements with a mini-
mum number of product terms.

The concept is deceptively simple. If you
subscribe to the theory that the expressions
(/A*/B* [C) and (A + B + C) are equivalent,
you will begin to see the value of this single
term NOR array.

The complement array is a single OR gate
with inputs from the AND array. The output ot
the complement array is inverted and fedback
to the AND array (NOR function). The output
of the array will be LOW if any one or more of
the AND terms connected to it are active
(HIGH). If, however, all the connected terms
are inactive (LOW), which is a classic
unknown state, the output of the complement
array will be HIGH.

Consider the product terms A, B and D that
represent defined states. They are also
connected to the input of the complement
array. When the condition (not A and not B
and not D) exists, the Complement Array will
detect this and propagate an Active-High
signal to the AND array. This signal can be
connected to product term E, which could be
used in turn to preset the state machine to
known state. Without the complement array,
one would have to generate product terms for
all unknown or illegal states. With very com-
plex state machines, such an approach can
be prohibitive, both in terms of time and
wasted resources.
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PLC42VA12

LOGIC PROGRAMMING

The PLC42VA12 is fully supported by
industry standard (JEDEC compatible) PLD
CAD tools, including Signetics AMAZE,

SLICE and SNAP design software packages.

ABEL™ and CUPL™ design software
packages also support the PLC42VA12
architecture.

All packages allow Boolean and state
equation entry formats. SNAP, ABEL and

LOGIC IMPLEMENTATION
“AND” ARRAY - (1), (B), (Qp)

CUPL also accept, as input, schematic
capture format.

PLC42VA12 logic designs can also be
generated using the program table entry
format, which is detailed on the following
pages. This program table entry format is
supported by AMAZE and SLICE only. Both
AMAZE and SLICE design packages are
available, free of charge, to qualified users.

To implement the desired logic functions,

the state of each logic variable from logic
equations (1, B, O, P, etc.) is assigned a sym-
bol. The symbols for TRUE, COMPLEMENT,
INACTIVE, PRESET, etc., are defined below.
Symbols for OMC configuration have been
previously defined in the Architectural
Options section.

$— 1,B,Q $—1,B,Q — 1,8,Q — 1,B.Q
r— I,BQ I~ 1,B,Q — 1,B,Q — 1,B,Q
(T.Fc, LR R, D) (T,FC,LRR, D)y (LFC,LPRR Dn (LFC, LR R, D)y
STATE CODE STATE CODE STATE CODE STATE CODE
INACTIVE! o 1,B,Q H 18,0 L DON'T CARE -

“COMPLEMENT” ARRAY -

o0

© ’
6
E i c

o9

H

(Tn, FC) (Trw FC) (T, FC) (Tn, FC)
ACTION CODE ACTION CODE ACTION CODE ACTION CODE
INAcTIvVEY: 3 o GENERATE A PROPAGATE . TRANSPARENT -
“OR” ARRAY — (J-K Type)
Tn Tn Tn n
-4 J —a —4 J -— a — J — a J — a
M = DISABLED M = DISABLED M= DISABLED ' M = DISABLED
- K — K —4 K - K
ACTION CODE ACTION CODE ACTION CODE ACTION CODE
TOGGLE o SET H RESET L HOLD -
“OR” ARRAY “OR” ARRAY — (D-Type)
TII Tn
Tn . Tn — J | — o 3 |— o
PR L PR L M = ENABLED) M = ENABLED)
(ORB) (OR B)
- K K
Tn STATUS CODE Tn STATUS CODE Tn STATUS CODE Tn STATUS CODE
AcCTIvE! A INACTIVE . ACTIVE (SET) A INACTIVE (RESET) .
Notes on page 313.
ABEL is a trademark of Data /O Corp.
CUPL is a trademark of Logical Devices, Inc.
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CMOS programmable multi-function PLD

PLC42VA12
(42 x 105 x 12)
LOGIC IMPLEMENTATION (Continued)
OUTPUT MACRO CELL CONFIGURATIONS
PROGRAMMING CODES
OUTPUT MACRO CELL REGISTER SELECT OMC CONFIGURATION POLARITY CLOCK
CONFIGURATION FUSE FUSE FUSE FUSE
Combilnatorial /O with Buried D-type register
External clock source A . HorlL A
P-term clock source A . HorlL .
Combinatorial I/O with Buried J-K type register
External clock source . . HorlL A
P-term clock source . . HorlL .
Registered Output (D-type) with feedback
External clock source A A N/A A
P-term clock source A A N/A
Registered Output (J-K type) with feedback
External clock source . A N/A A
P-term clock source . A N/A .
Registered Input (Clocked Preload) with feedback
External clock source A Aor e Optional® A
P-term clock source A Acr e Optional® °
OUTPUT CONTROL FUSES
OUTPUTENABLE CONTROL® | o coNTROL FUSE En FUSES CONTROL SIGNAL
OMC controlled by /OE pin A A
Output Enabled Low
Qutput Disabled High
OMC controlled by P-term . Aor0
Output Enabled High
Output Disabled Low
Output always Enabled A 0 Not Applicable

NOTES:
1. This is the initial (unprogrammed) state of the device.

NO A LN

P-term must be asserted Active-High.

. Output must be disabled.

. Program code definitions:

A = Active (unprogrammed fuse)
0, ® = Inactive (programmed fuse)

Active-High connection
Active-Low connection

rTl
oo

. OE control for By and B, (Pins 10 and 11) is from the AND array only.

March 26, 1990
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. Any gate will be unconditionally inhibited if both the TRUE and COMPLEMENT fuses are left intact.
. To prevent oscillations, this state is not allowed for Complement Array fuse pairs that are coupled to active product terms.

The OMC Configuration fuse must be programmed as Combinatorial 1/O in order to make use of the Polarity Option.

. Regardless of the programmed state of the OMC Configuration fuse, an OMC can be used as a Registered Input. Note that the Load Control

Don't Care (both TRUE and COMPLEMENT fuses unprogrammed)
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CMOS programmable muiti-function PLD
(42 x105x12)

PLC42VA12

TIMING DIAGRAMS

TIMING DEFINITIONS

P-TERM CK
LB, M

M
(OUTPUTS)

1,8, M >
(INPUTS)

—

15V

7N

[ Us2,6 —*

1, B, M, OE TERM OR
OE PIN
(OUTPUT ENABLE)

RP2,6

1.5V
-

EXTERNAL CK

M
(OUTPUTS)

1,B,M >
(INPUTS)

— 7

toE1,2

Flip-Flop Outputs with P-term Clock

1.5V

7 N

[+ Us1,5 —*

I, B, M, OE TERM
ORDE PIN
(OUTPUT ENABLE)

“tcKo1™|

tRP1,5

r~

15V
-

1,B
(INPUTS)

tOE1,2

Flip-Flop Outputs with External Clock

ov

VoL

43V

ov

+3V

ov

B,M
(COMBINATORIAL
OUTPUTS)

tp)

N\

T

VoH

toE2

top2™ 7

VoL

I, B, M, OE TERM
ORDTE PIN
(OUTPUT ENABLE)

+1.5V

+1.5V

+3V

SYMBOL

PARAMETER

foka

Clock Frequency; External Clock

fcka

Clock Frequency; P-term Clock

tekHt

Width of Input Clock Pulse;
External Clock

tekHz

Width of Input Clock Pulse;
P-term Clock

tekt

Interval between Clock pulses;
External Clock

tekie

Interval between Clock Pulses;
P-term Clock

tckor

Delay between the Positive Tran-
sition of External Clock and when
M Outputs become valid.

tckoz

Delay between the Positive Tran-
sition of P-term Clock and when
M Outputs become valid.

thp1

Delay between beginning of Valid
Inputandwhen the Moutputs be-
come Valid when using External
Clock.

tRp2

Delay between beginning of Valid
Inputandwhen the Moutputs be-
come Valid when using P-term
Clock.

trra

Delay between beginning of Valid
Inputandwhen the Moutputs be-
come Valid when using Preload
Inputs (from Mpins) and External
Clock.

tRe4

Delay between beginning of Valid
Inputand when the Moutputs be-
come valid when using Preload
inputs (from M pins) and P-term
Clock.

tres

Delay between beginning of Valid
Inputand when the Moutputs be-
come Valid when using Comple-
ment Array and External clock.

trre

Delay between beginning of Valid
Inputand when the Moutputs be-
come Valid when using Comple-
ment Array and P-term Clock.

fmaxi

Minimum guaranteed Operating
Frequency; Dedicated Clock

fuaxz

Minimum guaranteed Operating
Frequency; P-term Clock

fmaxa

Minimum guaranteed Operating
Frequency using Preload;
Dedicated Clock (M pin to M pin)

fmaxe

Minimum guaranteed Operating
Frequency using Preload;
P-term Clock (M pin to M pin)

fmaxs

Minimum guaranteed Operating
Frequency using Complement
Array; Dedicated Clock

fmaxs

Minimum Operating Frequency
using ComplementArray; P-term
Clock

Gated Outputs

ov

Y

Required delay between positive
transition of External Clock and
end of valid input data.
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CMOS programmable multi-function PLD
(42x 105 x 12) PLC42VA12

TIMING DIAGRAMS (Continued) TIMING DEFINITIONS (Continued)

w SYMBOL PARAMETER
(LOAD SELE:EIB)D("sv )(mv ¥ Required delay between positive
ov tiHz transition of P-term Clock and

end of validinput data.
1, B, OE TERM OR OE PIN (1.-5v 15V w Required delay between positive
(OUTPUT ENABLE) —_ ov ¢ transition of External Clock and
0E1,2 H3 | end of valid input data when us-
_F______ -1\ ing PreloadInputs (from M pins).
L_____________/ e Required delay between positive
| . transition of P-term Clock and
| ay 1H4 end of valid input data when us-
P " ge—— * ing Preload Inputs (from M pins).
ov Required delay between begin-
< top1,2 453,41 YH3e tis1 ning of valid input and positive

'(‘KL“" b
P-TERM OR [ -V transition of External Clock.

EXTERNAL CK 7 ov Required delay between begin-

lc:m — tis2 ning of valid input and positive

o - ——— transition of P-term Clock input.
D

;\\X_“m (_"2._ Required delay between begin-

ning of valid Preload input (from

Flip-Flop Input Mode (Preload). tis3 M pins) and positive transition of
External Clock.

Required delay between begin-
ning of valid Preload input (from
M pins) and positive transition of
P-term Clock input.

Required delay between begin-
N ning of valid input through Com-
185 plement Array and positive tran-
sition of External Clock.

v
PRESETIRESET Y 1sv 15V Required delay between begin-
B, ) oo /| _— ov s ning of valid input through Com-

plement Array and positive tran-

LB M
(INPUTS) tiss

P-TERM OR
EXTERNAL CK

sition of P-term Clock input.

a (PRESET)
JRESET) Delay between beginning of Out-
l—— tpro put Enable signal (Low) from /OE
e v 1€t | pin and when Outputs become
M 15V (RESET) OH valid
(OUTPUTS) § (PRESET) 15V -
VoL Delay between beginning of Out-
*Preset and Reset functions override Clock. However, M outputs may glitch toez z’l;tmEgaEblg-!s;?;aLg;I%hg:‘ Loo:ﬁ?
ith the first positive Clock Edge if be : "
wi e first positive Edge if 5 cannot be guaranteed by the user. puts become valid.
Asynchronous Preset/Reset Delay between beginning of Out-

put Enable signal (HIGH) from
001 | /OE pin and when Outputs be-

(asv add come disabled.
Vee / Delay between beginning of Out-
o put Enable signal (High or Low)
PR 002 | from OE P-term and when Out-

" < Vou puts become disabled.
(OUTPUTS) & 1.5V 1.5V Delay between beginning of valid
tCKO1,2 VoL tep input and when the Outputs be-

come valid (Combinatorial Path).

LB M ) 1.5V 1.5V i tepy | Width of Preset/Reset Pulse
(INPUTS) - E -

ov Delay between beginning of valid
*—Y4H 45— ro Preset/ResetInputand when the
(— +3V registered Outputs become Pre-
P-TERM OR 1.5V 1.5V 1.5V g "

EXTERRAL CK / o set (“17) or Reset (07).
Ys——tex ok Delay between Vcc (after pow-
eK1,2 er-up) and when flip-flops be-
PR [ come Reset to “0". Note: Signal
Power-On Reset atOutput (M pin) will be inverted.
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CMOS programmable multi-function PLD

(42x105 x 12)

PLC42VA12

LOGIC FUNCTION

Q3 @2 Q1 Q@

[+ Je+]o] (sn) eresewromare

STATE REGISTER A-B-C-...

CToTelt] (5.) wewsume

SET Qg:Jo=(T2° 0y Tg) X B-C...
Kg=0
RESET 01: 4120
K1=(Q3°T2°Qy"Tg)* X B C..

HOLD Q2:J2=0
Ka=0

RESET Q3:J3=(Q3° T2 Qs *Tg)* K- B-C...
K3=(Q3°Tp+Qq-Tg) K B-C...

NOTE:
Similar logic functions are applicable for D
mode flip-flops.

FLIP-FLOP TRUTH TABLE
CK, P, Ry J K[Q[ M
H
L [x X X X X x{L|H
L [X X H L X XJa| L
L|x X Ut H X xlt]H
LjL * t L L tialad
L T L L L H{L{H
LJL T L L HL|H|L
Lt * L L W Hlgla
H|H T L L L H|L|#
H|H T L L H L[H|L
AV|X T X X L H|L|H"
X T X X H L|H|L
NOTES
. ‘lj’cl:(smve Lo |c+T Ty
L-T' %o 112 10 By

8 if denotes transition for Low to High Ievel
X X Don'tcare

= Forced at M, pin for loading the J-K
flip-flop in the Input mode. The load con-
trol term, L, must be enabled (HIGH) and
the p-terms that are connected to the
associated flip-flop must be forced LOW
(disabled) during Preload.
5. AtP =R=H, Q= H. The final state of Q

depends on which is released first.

6. ** =Forced at F, pin to load J/K flip-flop
(Diagnostic mode).

_:-mrv
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PLC42VA12 UNPROGRAMMED

STATE

A factory shipped unprogrammed device is
configured suchthatall cells are in aconductive
state.

The following are:

ACTIVE:

— OR array logic terms

— Output Macro Cells M1 — M8;
® D-type registered outputs

- External clock path

— Inputs: Bg, By, Mo, Mg

INACTIVE:

— AND array logic and control terms (except
flip-flop mode control term, Fg)

— Bidirectional I/0 (Bo, B1);
® |nputs are active. Outputs are 3-Stated
via the OE P-terms, Dg and D;.
— Output Macro Cells Mg and Mg;
e Bidirectional I/O, 3-Stated via the OE

P-terms, DMy and DMg. The inputs are
active.

— P-term clocks
— Complement Array
- J-K Flip-Flop mode

316

ERASURE CHARACTERISTICS
(For Quartz Window Packages
Only)

The erasure characteristics of the
PLC42VA12 devices are such that erasure
begins to occur upon exposure to light with
wavelength shorter than approximately 4000
Angstroms (A). It should be noted that sun-
light and certain types of fluorescent lamps
have wavelengths in the 3000 — 4000A
range. Data shows that constant exposure to
room level fluorescent lighting could erase a
typical PLC42VA12 in approximately three
years, while it would take approximately one
week to cause erasure when exposed to
direct sunlight. If the PLC42VA12is to be
exposed to these types of lighting conditions
for extended periods of time, opaque labels
should be placed over the window to prevent
unintentional erasure.

The recommended erasure procedure for the
PLC42VA12is exposure to shortwave
ultraviolet fight which has a wavelength of
2537 Angstroms (A). The integrated dose
(i.e., UV intensity x exposure time) for
erasure should be a minimum of 15Wsec/
cm?. The erasure time with this dosage is
approximately 30 to 35 minutes using an
ultraviolet lamp with a 12,000pW/cm? power
rating. The device should be placed within
one inch of the lamp tubes during erasure.
The maximum integrated dose a CMOS
EPLD can be exposed to without damage is
7258Wsec/em? (1 week @ 12000pW/em?).
Exposure of these CMOS EPLDs to high
intensity UV light for longer periods may
cause permanent damage.

The maximum number of guaranteed erase/
write cycles is 50. Data retentions exceeds
20 years.
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SNAP RESOURCE SUMMARY DESIGNATIONS
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DESCRIPTION

The PLC415-16 PLD is a CMOS Program-
mable Logic Sequencer of the Mealy type.
The PLC415-16 is a pin-for-pin compatible,
functional superset of the PLS105 and
PLUS405 Bipolar Programmable Logic
Sequencer devices.

The PLC415 is ideally suited for high density,
power sensitive controller functions. The
Power Down feature provides true CMOS
standby power levels of less than 100pA. The
EPROM-based process technology supports
operating frequencies of 16 to 20MHz. The
PLC415-16 has been designed to accept
both CMOS and TTL input levels to facilitate
logic integration in almost any system envi-
ronment.

The PLC415 architecture has been tailored
for state machine functions. Both arrays are
programmable, thus providing full inter-
connectability. Any one or all of the 64 AND
transition terms can be connected to any (or
all) of the 8 buried state and 8 output
registers.

Two clock sources enable the design of 2
state machines on one chip. Separate INIT
functions and Output Enable functions for
each are controllable either from the array or
from an external pin. The J-K flip-flops pro-
vide the added flexibility of the toggle function
which is indeterminate on S-R flip-flops. The
programmable [nitialization feature supports
asynchronous initialization of the state ma-
chine to any user defined pattern.

The unique Complement Array feature
supports complex ELSE transition statements
with a single product term: The PLC415-16
has 2 Complement Arrays which allows the
user to design two independent complement
functions. This is particularly useful if two
state machines have been implemented on
one chip.

PLC415-16

CMOS programmable logic sequencer

(17 x 68 x 8)

FEATURES

© Pin-for-Pin compatible, functional superset
of PLS105/A and PLUS405 Logic
Sequencers

® Zero standby power of less than 100pA
(worst case)
— Power dissipation at fyax = 80mA
(worst case)

® CMOS and TTL compatible

® Programmable asynchronous Initialization
and OE functions
— Controllable from AND Array or external
source

® 17 input variables
@ 8 output functions

® 68 Product Terms
— 64 transition terms
— 4 control terms

® 8-bit State Register

@ 8-bit Output Register

® 2 Transition Complement Arrays
® Multiple clocks

® Diagnostic test modes features for access
to state and output registers

® Power-on preset of all registers to *1”
® J-K flip-flops
-~ Automatic Hold states
® Security Fuse
® 3-State outputs

APPLICATIONS

" ® Interface protocols

@ Sequence detectors

® Peripheral controllers

® Timing generators

® Arbitration functions

® Sequential circuits

® Security locking systems .
® Counters

® Shift Registers

319

PIN CONFIGURATIONS

N, FA Packages

cK (O] ~ 28] v

Yee
v (2] 27] 1
is [3] 6] 19

1s/cLK [4] [25] 150
1+ [5] 28] 14
B[] -

23] 142
TN
1 [7] / \é‘l'w

n (] \\ /, E ha

LWlE 7 Pus

#r [19 15] Iﬁlgﬁ

Fs [} 18] Fo

Fs [12] [17) Fy
AR 6] F»
GND [13] [15] Fa

NOTE:
N = Plastic DIP (600mil-wide)

FA = Ceramic DIP with Quartz window (600mil-wide)

A Package

I5CLK Ig Iz CLKVcelg lg

25] o
24] 1y
23] 142
@ h3
[21] 144
20] 145

19] INIT'OE

PD/yg

R HEE W E

Fs F4 GNDF3 Fp Fy F
s Fa 3 F2 F1 F

NOTE:
A = Plastic Leaded Chip Carrier
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CMOS programmable logic sequencer
(17 x 68 x 8)

PLC415-16

PIN DESCRIPTION
PIN NO. SYMBOL NAME AND FUNCTION POLARITY
1 CLK1 Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this | Active-High (H)

line is necessary to update the contents of both registers. Pin 1 only clocks Pg.3and Fg_3
if Pin 4 is also being used as a clock.

2,3,5-9, | lg—l4 17,1 Loglc Inputs: The 12 external inputs to the AND array used to program jump conditions Active-High/Low

26-27 g —lg between machine states, as determined by a given logic sequence. True and complement (H/L)
20-22 ha=lis signals are generated via use of “H" and *L".
4 |s/CLK2 Logic Input/Clock: A user programmable function:
® Logic Input: A 13th external logic input to the AND array, as above. Active(-Hl-jiLg)h/Low

® Clock: A 2nd clock for the State Registers P, ...; and Output Registers F4 .7, as above. | Active-High (H)
Note that input buffer Is must be deleted from the AND array (i.e., all fuse locations “Don't
Care”) when using Pin 4 as a Clock.

23 2 Logic/Diagnostic Input: A 14th external logic input to the AND array, as above, when Active-High/Low
exercising standard TTL or CMOS levels. When 1, is held at +11V, device outputs Fy ~ F (H/L)
reflect the contents of State Register bits Py ~ P7. The contents of each Output Register
remains unaltered.

24 144 Logic/Diagnostic Input: A 15th external logic input to the AND array, as above, when Active-High/Low
exercising standard TTL or CMOS levels. When |, is held at +11V, device outputs Fo— F; (H/L)
become direct inputs for State Register bits Po — P7; a Low-to-High transition on the appro-
priate clock line loads the values on pins Fq ~ F7 into the State Register bits Po — P7. The
contents of each Output Register remains unaltered.

25 lyo Logic/Diagnostic Input: A 16th external logic input to the AND array, as above, when Active-High/Low
exercising standard TTL or CMOS levels. When |, is held at +11V, device outputs Fg— F5 (H/L)
become direct inputs for Output Register bits Qg — Q; a Low-to-High transition on the ap-
propriate clock line loads the values on pins Fg - F5 into the Output Register bits Qg — Q7.
The contents of each State Register remains unaltered.

10-13 Fo—F7 Logle Outputs/Diagnostic Outputs/Diagnostic Inputs: Eight device outputs which nor- Active-High (H)
15-18 mally reflect the contents of Output Register Bits Qy — Qy, when enabled. When |, is held
at +11V, Fo = F7 = (Po — P7). When Iy is held at +11V, Fo — F7 become inputs to State Reg-
ister bits Po — P7. When lyq is held at +11V, Fg — F; become inputs to Qutput Register bits

Q- Q.
19 INIT/OE External Initialization, External /OE, PD or I;5: A user programmable function: Only one
l4¢/PD of the four options below may be selected. Note that both Initialization and /OE options are

alternately avaiklable via the AND array. (P-terms INA, INB, OEA, and OEB.)

e External Initialization: Provides an asynchronous Preset to logic “1” or Reset to logic Active-High (H)
“0" of any or all State and Output Registers, determined individually on a register-by-
register basis. INIT overrides the clock, and when held High, clocking is inhibited. Normal
clocking resumes with the first full clock pulse following a High-to-Low clock transition, after
the INIT pulse goes Low. See timing diagrams for tyyck and tyck. Note that if the External
Initialization option is selected, l14 is disabled automatically via the design software and the
Power Down and External OE options are not available. Internal OE is available via
P-Terms OEA and/or OEB. This option can be selected for one or both banks of registers.

* External Output Enable: Provides an Output Enable/Disable function for Output Regis- | Active-Low (L)
ters. Note that if the External OE option is selected, 114 is disabled automatically via the
design software and the Power Down and External INIT options are not available. Internal
INIT is available via P-terms INA and/or INB. This option can be selected for one or both
banks of registers.

® Power Down: When invoked, provides a Power Down (zero power) mode. The contents | Active-High (H)
of all Registers is retained, despite the toggling of the Inputs or the clocks. To obtain the
lowest possible power level, all Inputs should be static and at CMOS input levels. Note that
if the PD options is selected, lyg is disabled automatically via the design software and the
External INIT and External OE options are not available. Internal INIT is available via
P-terms INA and/or INB and Internal OE is available via P-terms OEA and/or OEB.

o Logic Input: The 17th external logic input to the AND array as above. Note that when Active-High/Low
the Iy option is selected, the Power Down, External /OE and External INIT are not avail- (HL)
able. Internal OE and Internal INIT are available from P-Terms OEA/OEB and INA/INB,

respectively.
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CMOS programmable logic sequencer

(17 x 68 x 8) PLC415-16
TRUTH TABLE 1:2,3,4,5
OPTION
Vee INIT OF ho I [ cK J K Qp Qf F
H X X X X X X HIL HIL Qf
X +11V X X T X X Qp L L
X +1V X X T X X Qp H H
X X Y X 7 X X L fo L
X X 1V X ) X X or H
X X X MV X X X Qp Qr Qp
L X X X X X X Qp Qr Qr
+5V H X X X X X X Qp or Hi-Z
X +11V X X ) X X Qp L L
X +11V X X T X X Qp H H
X X +11V X T X X L Qe L
X X +1V X T X X H Q¢ H
L X X HIV X X X Qp Qr Qp
L X X X X X X Qp o Qr
L X X X T L L Qp Qe Qr
L X X X T L H L L L
L X X X ) H L H H H
L X X X T H H o} o o
T L L X X X X X X H H H
NOTES:

1. Positive Logic:

SRrJK)=To+T1+Ta+...Te

Tn=(Co, Co)(lo. I1. 1. . . .) (Po, Py ... P)
denotes transition from Low-to-High level.

. X =Don't Care (<5.5V)

. H/L implies that either a High or a Low can occur, depending upon user-programmed Initialization selection (each State and Output Register
individually programmable).

5. When using the F;, pins as inputs to the State and Output Registers in diagnostic mode, the F buffers are 3-Stated and the indicated levels

on the output pins are forced by the user.

FNARY

VIRGIN STATE LOGIC FUNCTION
A factory-shipped virgin device contains all
fusible links intact, such that: Typical State Transition:

1. INIT/OE/PD/lg is set to INIT. In order to
: Q2 Q1 Qo .
use the INIT function, the user must
select either the PRESET or the RESET PRESENT STATE
option for each flip-flop. Note that regard- .
less of the user-programmed initialization,

or even if the INIT function is not used, all @ NEXT STATE
registers are preset to “1" by the power-up

STATE REGISTER R-B-C-...

procedure.
N SET Qg:Sp=(0z-Qq - Ug)-A-B-C...
2. All transition terms are inactive (0). Rg=0
ip-flop i i RESETQ:S7=0
3. All J/K flip-flop inputs are disabled (0). 1 R: Z%p-0,-Tg E-B-C...
4. The Complement Arrays are inactive.
. HOLD Qg: S3=0
5. Clock 1is connected to all State and Rz=0

Output Registers.
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FUNCTIONAL DIAGRAM
Lo OEB OEA INA INB P,;:‘.Po
=
_l? Q IS/CK2
o
T
5 <b
L V-
1o <k,
D_KP n<
__D + ]
—‘D ’[4
] olposs| —’;]:_cxucxz
D, 4
N/ ]
74
N2
74
D 2t
F
. DKP Rc L\’ ’14 D
__D /‘ ]
__D /4
; Jros <} CK1
\ F
lNTE-;NAL D_KP Ro 4
INIT l’> /, |
N2 £S
V77 =
‘EL' _Lpowznoowu
'NTFE?AL —ét_‘ = i EXTERNL I PD/ANIT/CEN16

~ INIT/OE
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LOGIC DIAGRAM

LOGIC TERMS

agq
2

: {3 1vcLk2
uE—ua

c1
co

- CLKICLK2
1

INB

INA : Bt

OFEA ' DETALD' ©

N T e

'DEANITY
@, PD116
'

3 Programmable connection.
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DETAILS FOR PLC415-16 LOGIC DIAGRAM

TOAND  Pn
ARRAY

-
>

D
S

K P_R
P R

TO OUTPUT
PINS

FROM OE PIN 19
OR PTERM OEA (Fo—3)
OR OEB (F4_7)

; Y I (PIN 19)

Detail C
Pin 19 Options: OE, Initialization, Power Down and Input 16

FROM INIT PIN 19 FROM CLK1
OR CLK2
FROM INIT PIN 19 FROM CLK1 g: mﬁ" INA (Fo-3)
OR PTERM INA (Pg_3) OR CLK2 (Fa7)
ORINB (P4_7)
Detail A Detail B
State Reglsters Pp - P; Output Reglsters Fy - F;
F4~F7 OF Fg~F3 OE
INTERNAL INTERNAL
OE OE
O *

POWER £S A A A

DOWN

SELECT

d
== EXTERNAL .
L = INTOROET § lOEB
s —CF
= ARRAY 0 OENNIT/PDA15

FROM P4-7AND  Pg.3gAND
ANDARRAY  FagINIT Fo_g INIT

INA

FROMPIN 19
CONTROL

Detail D
Internal and External Initialization
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DETAILS FOR PLC415-16 LOGIC DIAGRAM (Continued)

OEB OEA |INB

INA P63 P62 eee P2 P1 Po

2| |8l

JUUUWE-LEHU

0934

T
TO OR ARRAY

Complement Array Detail

The Complement Array is a special
sequencer feature that is often used for
detecting illegal states. Itis also ideal for
generating IF-THEN-ELSE logic statements
with a minimum number of product terms.

The concept is deceptively simple. If you
subscribe to the theory that the expressions
(/A /B +/C) and (A + B + C) are equivalent,
you will begin to see the value of this single
term NOR array.

The Complement Array is a single OR gate
with inputs from the AND array. The output of
the Complement Array is inverted and fed
back to the AND array (NOR). The output of
the array will be Low if any one or more of the

July 30, 1990

AND terms connected to it are active (High).
If, however, all the connected terms are
inactive (Low), which is a classic unknown
state, the output of the Complement Array will
be High.

Consider the Product Terms A, B and D that
represent defined states. They are also
connected to the input of the Complement
Array. When the condition (not A and not B
and not D) exists, the Complement Array will
detect this and propagate an Active-High
signal to the AND array. This signal can be
connected to Product Term E, which could be
used in turn to reset the state machine to a
known state. Without the Complement Array,
one would have to generate product terms for

325

all unknown or illegal states. With very
complex state machines, such an approach
can be prohibitive, both in terms of time and
wasted resources.

Note that the PLC415-16 has 2 Complement
Arrays which allow the user to design 2
independent Complement functions. This is
particularly useful if 2 independent state
machines have been implemented on one
device.

Note that use of the Complement Array adds
an additional delay path through the device.
Please refer to the AC Electrical
Characteristics for details.
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ORDERING INFORMATION

OPERATING

DESCRIPTION FREQUENCY ORDER CODE
28-Pin Ceramic DIP with window;
Reprogrammable (600mil-wide) fuax = 16MHz PLCA15-16FA
28-Pin Plastic DIP;
One-Time Programmable (600mil-wide) fuax = 16MHz PLC415-16N
28-Pin Plastic Leaded Chip Carrier; _
One-Time Programmable (450mil-wide) fax = 16MHz PLC415-16A

ABSOLUTE MAXIMUM RATINGS?

SYMBOL PARAMETER RATINGS UNIT
Vee Supply voltage +7 Voc
ViN Input voltage +5.5 Voc
Vour Output voltage +5.5 Voc
IN Input currents -30to +30 mA
lout Output currents ' +100 mA
Tamb Operating temperature range 0to+75 °c
Tag - Storage temperature range —65to +150 °c

NOTES:

1. Stresses above those listed may cause malfunction or permanent damage to the device. This
is a stress rating only. Functional operation at these or any other condition above those
indicated in the operational and programming specification of the device is not implied.
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DC ELECTRICAL CHARACTERISTICS
0°C < Tamp < +75°C, 4.75 < Vo < 5.25V

LIMITS

SYMBOL PARAMETER TEST CONDITION MIN TYP? J MAX UNIT
Input voltage?
Vi Low Vee = MIN -0.3 08 \"
ViH High Vee = MAX 2.0 Vec +0.3 "
Output voltage?
VoL Low |\(’) ‘L:°==1 éﬂnl]’i 05 \Y
Voh High loH = —3.2mA 24 v
Input current )
T Low Viy = GND T pA
liH High Vin=Vee 10 pA

~ Output current

locorr) Hi-Z state \\//:Ulf:gﬁg _11% ﬁ
los Short-circuit 36 Vour = GND -130 mA
lecsa Zg:e?:e%ply current with PD V,Yf:cs cl)\:!l\\/)éc 50 100 A
lec Ve supply current Active 45 lout = OmA atf=1MHz 55 mA

(TTL or CMOS Inputs) Vee = MAX atf= MAX 80 mA
Capacitance
C Input \XSZZ%\C 12 pF
Cg [l{e] Vg=2.0V 15 pF
NOTES:

. All typical values are at Vgg = 5V. Tamp = +25°C.

. All voltage values are with respect to network ground terminal.

. Duration of short-circuit should not exceed one second. Test one at a time.

. Tested with TTL input levels: V) = 0.45V, V| = 2.4V. Measured with all inputs and outputs switching.

. Refer to Figure 1, Icc vs Frequency (worst case).

. Refer to Figure 2 for Atpp vs output capacitance loading.

. The outputs are automatically 3-Stated when the device is in the Power Down mode. To achieve the lowest possible current, the inputs and
clocks should be at CMOS static levels.

NOO A WN =

80 7
L1 -1
70 ] 3
60 P 5
b1 4 A
50 L
= o v
< g3 v
E 4 =) A
o S 2 1
Lz <, v
20 NED4
d
10 -1
0 -2
12 4 6 8 10 12 14 16 18 0 20 40 60 80 100 120 140 160 180 200
f(MHz) OUTPUT CAPACITANCE LOADING (pF)
Figure 1. Icc vs Frequency Figure 2. Atpp vs Output Capacitance
(Worst Case) Loading (Typical)
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AC ELECTRICAL CHARACTERISTICS
Ry = 252Q, Rp = 1780, 0°C < Tamy < +75°C, 4.75 < Voo £ 5.25V
TEST LIMITS
SYMBOL PARAMETER FROM TO CONDITION { MIN I TYP I MAX | UNIT
Pulse width
tokH Clock High CK+ CK~ 30pF 25 10 ns
tekL Clock Low CK~ CK+ 30pF 25 10 ns
tNITH Initialization Input pulse INIT+ INIT- 30pF 20 ns
Set-up time
tis1 Input (1) +/— CK+ 30pF 38 25 ns
tis2! Input through Complement array (1) +/- CK+ 30pF 60 40 ns
tisPD Power Down Setup (from PD pin) PD+ CK+ 30pF 38 15 ns
tispu Power Up Setup (from PD pin) PD- First Valid CK+ 30pF 38 30 ns
tys! Power on Preset Setup Vee+ CK— 30pF 0 ns
Nt | e I Garer g\ T) when INIT- K- 30pF 10 | ns

Clock resume (after INIT) when
1 =
tveka using P-term INIT (from AND array) () +- CK 30pF 20 8 ns

Clock lockout (before INIT) when

'NVEKT | ysing INIT pin (pin 19) Ck- INIT= 30pF s ns

Clock lockout (before INIT) when
1 _

tvexe using P-term INIT (from AND array) CK- INIT-- S0pF 0 5 ns

Propagation delays

teko Clock to Output CK+ (F) +/— 30pF 15 22 ns

teDZ Power Down to outputs off PD+ Qutputs Off SpF 25 30 ns
Power Up to outputs Active .

teuat with dedicated Output Enable PD- Outputs Active 30pF 2 3 | ns
Power Up to outputs Active ;

1
toua2 with P-term Output Enable’ PD- Cutputs Active 30pF 37 55 ns
j P D .

thpy ggf;y"(a}'jglg')“" 1o Power Down Last Valid Clock PD+ 30pF 25 | 15 ns
First valid clock cycle before Power | Beginning of First

tipD Up Valid Clock Cydle | - PD- 30pF 0 | -25 ns

toe? Output Enable: from /OE pin OE- Output Enabled 30pF 15 30 ns

toea! Output Enable; from P-term (1) +/— Qutput Enabled 30pF 25 40 ns

ton1® Output Disable; from /OE pin OE+ - Output Disabled SpF 20 30 ns

topz2® Output Disable; from P-term ’ (1) +/— Output Disabled S5pF 30 40 ns

tiniTs INIT to output when using INIT pin INIT+ (F) +/— 30pF 22 35 ns

tair ::ll:]r’ to output when using P-term ) +— (F) +i 30pF a5 45 ns

tepr’ Power-on Preset (F, = 1) " Veo + (F) + 30pF 15 ns
Registered operating period; ;

tapy (tis1 + tckot) {1y +/~ (F) +—- 30pF 40 60 ns
Registered operating period with

1
tap2 Complement Array (tep + toxor) (1) +- (F) +/- 30pF 55 75 ns

Notes on following page
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AC ELECTRICAL CHARACTERISTICS (Continued)
Ry = 252Q, Ry = 1789, 0°C < Ty < +75°C, 4.75 < Voo < 5,25V

TEST LIMITS -
SYMBOL PARAMETER FROM TO CONDITION | MIN | TYP lMAX UNIT
Hold time

ty Input Hold CK+ F+- | spF | [-10] o | ns

Frequency of operation

fok! Clock (toggle) frequency C+ C+ 30pF 20 50 MHz
faxt E:?ii‘etcrig‘)’pe’a'i”g frequency (1) +1~ (F) +/- 30pF 167 | 25 MHz
Registered operating frequency with
fwaxe Coﬂ;,emem",\"""a)’/ glsrzefu;{) ! {1y +/~ (F) +/— 30pF 133 | 182 MHz
NOTE:
1. Not 100% tested, but guaranteed by design/characterization.

2. All propagation delays and setup times are measured and specified under worst case conditions.

3. For 3-State output; output enable times are tested with C|_ = 30pF to the 1.5V level, and Sy is open for high-impedance to High tests and
closed for high-impedance to Low tests. Output disable times are tested with C|_ = 5pF. High-to-High impedance tests are made to an output
voltage of V = (Voy — 0.5V) with S; open, and Low-to-High impedance tests are made to the V1 = (Vg + 0.5V) level with S, closed.

TIMING DIAGRAMS
lo-l1s >
CLK1/2
3 VoH
Fo_Fy 1.5V ‘ Z( 1.5V
[+ ‘CKO# VoL
o]
fMAX L
+3V
OE 1.5V K15y
from OEA/B or Pin 19) ov
toE
Sequential Mode
—— 43V
lo_hs 1.5V
J— ov
3V
CLK1/2 1.5V 1.5V 1.5V 1.5V
[ ov
4s tcko ICKH—*1*——tCKL
—— VOH
Fo_F7 X1.sv 1.5V| ' 1.5V
)
—— VoL
M ANIT
e lvcx—-}‘tnvc t‘— tcko
' 43V
ot BN
(FROM INA/B OR PIN 19) : -
ﬂ k ov
YNITH
Asynchronous Initialization
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The PLC415-16 has a unique power down
feature that is ideal for power sensitive
controller and state machine applications.
During idle periods, the PLC415 can be
powered down to a near zero power
consumption leve! of less than 100 micro
Amps. Externally controlled from Pin 19, the
power down sequence first saves the data in

TIMING DIAGRAMS (Continued)

all the State and Output registers. In order to
insure that the last valid states are saved,
there are certain hold times associated with
the first and last valid clock edges and the
Power Down input pulse. The Outputs are
then automatically 3-Stated and power
consumption is reduced to a minimum.

Once in the power down mode, any or all of
the inputs, including the clocks, may be
toggled without the loss of data. To obtain the
lowest possible power level, the inputs should
be at static CMOS input levels during the
power down period.

e X 2 XXX KXKRXKRX, - KK X
R
NONININININNNNNNN
LAST VALID FIRST VAUD
CLOCK CLOCK
cosn
cLOCK
LN
YHPU ohe— Yspp
. e
PD PIN 4/
"—'sz——" tPuAL,2
LASTVALID \ LAST VALID K :
ouTPuT STATE  / te STATE
POWER DOWN POWER UP
Power Down Enable and Disable
+5V
Lasv
Vee 7
)‘_ ov
tpp)
N\ S 3 T
Fo-F7 \&LW Fal=1 15 [Fed +1
AN N
cKo
7 +3V
CLK12 1.5v7t_ wv L §
R - ov
tvs 1
kil +3V
o-lis 1.5V 1.6V
ov
s — ¢4y

Power-On Preset .
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TIMING DIAGRAMS (Continued)

lo-l11,
l1a=he

+3V

( 8.0V

ov

+10V

h2

CLK

ov

+3V

ov

TINTERNAL
Q-9 grateRec.  (PS) (Ns)

VoH

*— 1SRE *— tSRD™™

VoL 7

/ 77 I
Fo-F7 (Fr) 1.5V ‘m 1.5V %j‘%ﬁ% 15V (Fns1)

M teko

VoL

ov

Diagnostic Mode—State Register Outputs

s.ov 8.0v

_F
(l:gUTS7) 15V (FORCED D))

CLK 7 1.5V 1.5v

Sl 2/ 2 00 e

Diagnostic Mode—State Register Input Jam

8.0v 8.0v
ho
I‘:'RJH
F
“NPUTS) 1.5V (FORCED Djy) 1.5
[t
CLK112 7 1.5V 1.5V

Sl 2

Diagnostic Mode—Output Register Input Jam

+10V

+3V

+10V

KV

Vor_
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TIMING DEFINITIONS
SYMBOL PARAMETER SYMBOL PARAMETER SYMBOL PARAMETER
fok Minimum guaranteed toggle tispu Required delay between the trPR Delay between V¢ (after
frequency of the clock (from beginning of Power Down power-on) and when Outputs
Clock HIGH to Clock HIGH). LOW and the positive become preset at “1”.
— transition of the first valid —
fwax1, 2 Mlmmtgm ?uaranteed clock. tPuA12 gelay bgtweelr-'nob\szlglnn‘;nghof
operating frequency.
P 9 ey tisy Required delay between oglvgszs boc::rc:me Acggg (‘:I/aﬁg)
toKkH Width of input clock pulse. ;gg;gcénga(::s‘ilt?gg L‘;Pgl‘oiad ‘and the circuit is “powered
s . N P
tort Interval between clock ‘ o up”. See AC Specifications.
ulses. 1S2 equired delay between -
P beginning of valid input and tRH Required delay between
. . o positive transition of Clock
trRp1 Minimum guaranteed positive transition of Clock, and end of valid Input data
operating period — when not when using optional when jamming data into State
using Complement Array. Complement Array (two or Outj ut Re gisters in
— passes necessary through di p ti gd
trp2 Minimum guaranteed the AND Array). lagnostic mode.
operating period —when - —
using Complement Array. tnveki | Required delay between the tRuH Required delay betwe(len .
negative transition of the positive transition of Clocl
tcxo Delay between positive clock and the negative and end of inputs 1y or Iyg
transition of Clock and when transition of the transition to State and Output
Outputs become valid (with Asynchronous Initialization Register Input Jam
outputs enabled). when using external INIT Diagnostic Modes,
1 Required delay between control {from pin 19) to respectivoly.
H e ° hat the clock ed -
positive transition of Clock %u:;?gﬁzét:d la: ac \?:“de ge tris Requnfed delay between
and end of valid Input data. negative transition when inputs 1y, or Imd o
. transition to State and Output
thpD Required delay between the tnvoke | Required delay between the Register Input Jam
positive transition of the negative transition of the Diagnostic Modes,
beginning of the first valid clock and the negative respectively, and when the
clock cycle to the beginning transition of the output pins become available
of Power Down LOW to Asynchrenous Initialization, as inputs.
insure that the last valid when using the internal INIT -
states are intact and that the control (from P-terms INA tsRD Delay between input |y>
next positive transition of the and INB), to guarantee that transition to Logic mode and
clock is valid. the clock edge is not detected Whet" "“e ?‘tﬁp“g ;ef":a the
i i ition. contents of the Outpu
tinpu Required delay between the as a valid negative transition Register.
positive transition of the last toos Delay between beginning of -
valid clock and the beginning Output Enable High and tsRe Delay between input Iy
of Power Down HIGH to when Outputs are in the transition to Diagnostic Mode
insure that last valid states OFF-State, when using and when the Outputs reflect
are saved. external OE control (from gue contents of the State
in 19). egister.
tNITH Width of initialization input P ) - -
pulse. too2 Delay between beginning of tvekt Required delay between
Output Enable High and negative transition of
tNiTe Delay between positive when outputs are in the Asynchronous Initialization
transition of Initialization and OFF-State when using and negative transition of
when Outputs become valid internal OE control (from Clock preceding the first valid
when using external INIT P-terms OEA and OEB). clock pulse when using
control {from pin 19). — external INIT control (pin 19).
toe1 Delay between beginning of
tiNiT2 Delay between positive Output Enable Low and when tvcke Required delay between the
transition of Initialization and Outputs become valid when negative transition of the
when outputs become valid using external OE control Asynchronous Initialization
when using internal INIT from pin 19. - and the negative transition of
fi - — f 2
:ﬁz‘m‘a()mm P-terms INA tor2 Delay between beginning of th?_ §|°Ck 'Erecledmgh the first
. Output Enable Low and when vali °‘?|°NI§’,“ setw le? using
tispp Required delay between the outputs become valid when ';ﬁg:a N Ao;):dr& (B;om
beginning of Power Down using internal OE control ms -
i from P-terms OEA and -
HIGH (from pin 19) and the gEB) tvs Required delay between Vcc
positive transition of the next : Ay d -
clock to insure that the clock i (after power-on) and negative
dge is not detacted troz Delay between beginning of transition of Clock preceding
edge is not getected as a Power Down HIGH and when first reliable clock pulse.
valid Clock and that the last outputs are in OFF-State and
valid states are saved. the circuit is “powered down”.
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TEST LOAD CIRCUIT VOLTAGE WAVEFORMS

430V — — o —

2.5ns 2.5ns
+30V
CL

L

<
R2 2

|
INPUTS | 15 DUT

oV———

10%
o———»{ CK Bz —L—> L_ __.I
OUTPUTS —=—
- 25ns 2.

5

i g

MEASUREMENTS:
All circuit delays are measured at the +1.5V level of
NOTE: inputs and outputs, unless otherwise specified.
C1 and Cp are to bypass Ve to GNO. Input Pulses
LOGIC PROGRAMMING :
The PLC415-16 is fully supported by industry  PLC415-16 logic designs can also be To implement the desired logic functions,
standard (JEDEC compatible) PLD CAD generated using the program table entry each logic variable (I, B, P, S, T, etc.) from the
tools, including Signetics AMAZE, SLICE and  format, which is detailed on the following logic equations if assigned a symbol. TRUE,
SNAP design software packages. ABEL™ pages. This program table entry format is COMPLEMENT, PRESET, RESET, OUTPUT
and CUPL™ design software packages also supported by AMAZE and SLICE only. Both ENABLE, INACTIVE, etc., symbals are
support the PLC415-16 architecture. AMAZE and SLICE design packages are defined below.
All packages allow Boolean and state available, free of charge, to qualified users.
equation entry formats. SNAP, ABEL and
CUPL also accept, as input, schematic
capture format.
INITIALIZATION (PRESET/RESET)'! OPTION — (P/R)
P R P R P R P R

— __D___J — —
*L{} 1% 1%

INT ——————— INIT ———————— T —————— w1
[ ACTION ] copE ] [ acmon T cooe | [ “acmion [ cooe | [ “acmon [ cooe ]

[inoeTerminaTe' 9] 0 | L ereser® | W | rese”® | L | [nowmiTFuncion®®] -}

“AND” ARRAY - (1), (P)
Lp Lp Lp Lp
LP LP LP LP
LB P 13 P
Tn Tn Tn Tn
| STATE ] cooE ] [ “stae [ cooe ] | STATE ] cooe "} [ STATE [ copoE ]
[ macnve2 [ 0 | l LP [ w1 [ 17 T ] [ oonteare [ - 1

Notes are on page 335.

ABEL is atrademark of Data /O Corp.
CUPL is a trademark of Logical Devices, Inc.
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LOGIC PROGRAMMING (Continued)

PIN 19 FUNCTION: POWER DOWN, INIITALIZATION, OE, OR INPUT

Power Down Mode P-Term Initialization Control
FROM AND ARRAY
(PD FUSE) (INIT/OE FUSE)
POWER DOWN OE DISABLED
CONTROL ROM PN
FROM PIN 19 F 1
INIT DISABLED PRESET/RESET
FROM PIN 19 PIN 19 TO REGISTERS
. INTERNAL INIT FUSE
115 DISABLED = INIT DISABLED
FROM PIN 19
[ NTERNALINTFUSES | coDE |
[ POWERDOWN FUSE [ cope ] [ PIeRmwiTcoNTROL | Wh® |
| PIN19ASPOWERDOWN | ‘WS |
POWER DOWN FUSE CODE
| EXTERNALINTSEFUSE | CODE | POWER DOWN ENABLED OR
| EXTERNALINITOE DISABLED | L | DISABLED HORL
External Initialization Control ' P-Term OE Control
(PD FUSE) (INIT/OE FUSE) : FROM AND ARRAY
POWER DOWN UE DISABLED
DISABLED W PN
FROMPIN 19 FROMPIN 19
INIT CONTROL
FROM PIN 19 PIN 19 OUTPUT ENABLE
CONTROL
116 DISABLED INTERNAL OE FUSE
= UE DISABLED
[ PO FUSE [ cooe ] FROM PIN 19
| PowerpDowNDisABLED [ 7 |
[ EXTERNALINTOEFUSE | CODE | [ NTERNALOEFUSES [ CODE |
[ PIN19ASEXTERNALINT | (7 { PTERMOECONTROL | HWHh8 |
INTERNAL INIT FUSES CODE s POWER DOWN FUSE CODE
P-TERM INIT ACTIVE OR 78 POWER DOWN ENABLED OR
INACTIVE HORL" DISABLED HORL

External Qutput Enable Control

(PD FUSE) (INIT/OE FUSE)

POWER DOWN OE CONTROL

DISABLED
FROM PIN 19 FROMPIN 19
INIT DISABLED
FROM PIN 19 PIN 19

I46 DISABLED

( PD FUSE [ cooe |
[ PowerpowNDIsaBLED | L |
[ EXTERNALINITOEFUSE | CcODE |
| PINISASEXTERNALOE | W |
INTERNAL INIT FUSES CODE
P-TERM O ACTIVE OR 78
INACTIVE HORL"

Notes are on page 335.
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LOGIC PROGRAMMING (Continued)

“OR” ARRAY — J-K FUNCTION - (N), (F)

Tn Tn Tn ) : Tn

N.F — Jaf— MF"‘DTJO NF — Jaf— NF—

R — K R —

| Acmon [ cooe ) [ Acmon [ cooe | [ "acmon [ "cope | [ Acmon [ cooe |
L toeaez [ o | SET | [ Rmeser v ] | oonvTcare | - ]

“COMPLEMENT” ARRAY - (C)

c c c c
< © G
Tn : Ta Tn Tn

ol

[ “ACTION [ cooe ] [ acmion | cope | [ “acmion [ cooe | [ acmion [ cope |
[ mnacavet® [ o | GENERATE | A | [ Proracate [ o | { transparent | - ]

CLOCK OPTION - (CLK1/CLK2)

cix2 cLk2
<% ]-j
cLK1 CcLK1
| opTion | cope | [ opmion [ cope |
[ ewaony? [ 0 ] [ciktande2® | W |

NOTES:
1. This is the initial unprogrammed state of all links.
2. Any gate T, will be unconditionally inhibited if any one of its | or P link pairs is left intact.
3. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T,,.
These states are not allowed when using PRESET/RESET option.
Input buffer s must be deleted from the AND array (i.e., all fuse locations “Don't Care”) when using second clock option.
When using Power Down feature, INPUT 16 is au:omatlcally disabled via the design software.
If the internal (P-term) control fuse for INIT and/or OE is programmed as Active High, the associated External Control function will be perma-
nently disabled, regardless of the state of the External INIT/OE fuse.
One internal control fuse exists for each group of 8 registers. Pg_ 3 and Fy _ 3 are banked together in one group, as are P4_7 and F4 - 7. Con-
trol can be split between the INIT/OE pin (Pin 19) and P-terms INA, INB, OEA and OEB.
The PLC415-16 also has a power-up preset feature. This feature insures that the device will power-up in a known state with all register
elements (State and Output Register) at a logic High (H). When programming the device it is important to realize this is the initial state of the
device. You must provide a next state jump if you do not wish to use all Highs (H) as the present state.
10.L = cell unprogrammed.
H = cell programmed.
1. Inputs 10, 11 and 12 (pins 25, 24, & 23) can be used for supervoltage diagnostic mode tests. It is recommended that these inputs pot be
connected to product terms INA, INB, OEA or OEB if you intend to make use of the diagnostic modes due to the fact that the patterns
associated with the internal INIT and OE control product terms may interfere with the diagnostic mode data loading and reading.

© ©@ Noas
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CMOS programmable logic sequencer
(17 x 68 x 8)

PLC415-16

PROGRAM TABLE

AND OR (Ns, Fn) OPTIONS

(Im, Ps) (Cn) TOGGLE ° ENTERNALINIT L POWER DOWN

INACTIVE INACTIVE ) EXTERNALOE __ |H] | ENABLED PRESET H
SET POWER DOWN

P GENERATE INTERNALINIT/OE [ DISABLED RESET L

P PROPAGATE |+ RESET L ENABLED NOINIT -

DON'T CARE

INTERNAL INIT/OE
TRANSPARENT ) - NOCHANGE |- DISABLED L] [ crockianoz [W| | INDETERMINATE |0

TNTERNALTNIT RNAL
IN8 INA OEB OEA

INITIALIZATION

>
x

rix{O

PD INTIAUZATION
LI T 11 LT T LT T

INPUT (Im) PRESENT STATE (Ps) NEXT STATE (Ns) QFB» OUTPUT (Fn)
16[l1511a]l132fifiofie 18 [I7 [te 1s [ [13[12 11 [io [P7[P6[P5[Pa[P3[P2[P1]P0|  [N7[N6[NS]N4[N3[N2[N1]NojF7[F6[F5 [F4 [F3[F2[F1]FO

s |

PROJECT NAME
DATE
REVISION

B

+HA R THEHT HE R FH T HA R AT AT A A

57

| 58
59

61

| 62
6:

INB_
OEB
INA
OFA

PINNO. {19120 (21(22(23(24[25(26(27/2|3(4{5/6]{7(8] 9 . 10{11 {1213 15/16 17 |18

PIN
LABELS

_____r_ﬂ_h_________ s e e e e bbb

iy IS R 5 A 5 I A AN N O O B O

CUSTOMER NAME.
SIGNETICS PART #
CUSTOMER PART #

NOTES:

1. In the unprogrammed state all cells are conducting. Thus, the program table for an unprogrammed device would contain *0”s for all product terms (inactive) and
initiali states (ir i ). The default or unprogrammed state of all other options is “L".

2. Unused Cn, Im and Ps cells are normally programmed as Don't Care (-).

3. Unused product terms can be left blank (i ive) for future code ificati
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CMOS programmable logic sequencer

(17 x 68 x 8)

PLC415-16

ERASURE CHARACTERISTICS
(For Quartz Window Packages
Only)

The erasure characteristics of the PLC415
Series devices are such that erasure begins
to occur upon exposure to light with wave-
lengths shorter than approximately 4000 Ang-
stroms (A). It should be noted that sunlight
and certain types of fluorescent lamps has
wavelengths in the 3000 — 4000A range. Data
shows that constant exposure to room level
fluorescent lighting could erase a typical
PLC415 in approximately three years, while it
would take approximately one week to cause

July 30, 1990

erasure when exposed to direct sunlight. If
the PLC415 is to be exposed to these types
of lighting conditions for extended periods of
time, opaque labels should be placed over
the window to prevent unintentional erasure.

The recommended erasure procedure for
the PLC415 is exposure to shortwave
ultraviolet light which has a wavelength of
2537 Angstroms (A). The integrated dose
(i.e., UV intensity x exposure time) for
erasure should be a minimum of
15Wsec/cm?, The erasure time with this
dosage is approximately 30 to 35 minutes

337

using an ultraviolet lamp with a
12,000pW/cm? power rating. The device
should be placed within one inch of the lamp
tubes during erasure. The maximum
integrated dose a CMOS EPLD can be
exposed to without damage is 7258Wsec/cm?
(1 week @ 12000pW/cm?). Exposure of
these CMOS EPLDs to high intensity UV light
for longer periods may cause permanent
damage.

The maximum number of guaranteed erase/
write cycles is 50. Data retention exceeds 20
years.
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CMOS programmable logic sequencer :
(17 % 68 x 8) PLC415-16

SNAP RESOURCE SUMMARY DESIGNATIONS

OEB OEA INA INB P
15

13
s

o
*v
o

15/CK2

ckick2

INTE-RNAL
INIT

, POWER DOWN
==

.
= EXTERNAL
= TINIT/OE

PD/ANIT/CEN16

INTERNAL
NT
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Product Specification

Programmable Logic Devices

DESCRIPTION

The PLS105and the PLS105A are
bipolar Programmable Logic State
machines of the Mealy type. They
contain logic AND-OR gate arrays with
user programmable connections which
control the inputs of on-chip State and
Output Registers. These consist
respectively of 6 Qp, and 8 Q¢
edge-triggered, clocked S/R flip-flops,
with an Asynchronous Preset option. all
flip-flops are unconditionally preset to “1”
during power turn on.

The AND array combines 16 external
inputs Iy — li5 with six internal inputs
Po_s, which are fed back from the State
Registers to form up to 48 transition
terms (AND terms). All transition terms
can include True, False, or Don’t Care
states of the controlling variables, and
are merged in the OR array to issue
next-state and next-output commands to
their respective registers on the
Low-to-High transition of the Clock
pulse. Both True and Complement
transition terms can be generated by
optional use of the internal input variable
(C) from the Complement Array. Also, if
desired, the Preset input can be
converted to Output Enable function, as
an additional user-programmable option.

Order codes are listed in the Ordering
Information Table.

PLS105/A

Programmable logic sequencers

(16 x 48 x 8)

FEATURES

® PLS105
- fMAX =13.9MHz
~ 20MHz clock rate

® PLS105A
— tuax = 20MHz
— 25MHz clock rate
® Field-Programmable (Ni-Cr link)
® 16 input variables
® 8 output functions
® 48 transition terms
® 6-bit State Register
® 8-bit Output Register
® Transition complement array

® Positive edge-triggered clocked
flip-flops

® Programmable Asynchronous Preset
or Output Enable

® Power-on preset to all “1” of internal
registers

® Power dissipation: 600mW (typ.)
® TTL compatible

® Single +5V supply

® 3-State outputs

APPLICATIONS
o [nterface protocols

® Sequence detectors

® Peripheral controllers

® Timing generators

® Sequential circuits

® Elevator controllers

® Security locking systems
® Counters

® Shift registers

339

PIN CONFIGURATIONS

Is ls

N Package

N = Plastic DIP (600mil-wids)

A Package

17 CLK Vecig g

Fs Fg

HEHEEEE

GND F3 Fp Os Fg

A = Plastic Leaded Chip Carrier
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Programmable logic sequencers (16 x 48 x 8)

PLS105/A

FUNCTIONAL DIAGRAM
w3
w3 I =
T PROE
E S Uc e
{6)
D— R /:\ P
()]
D>—lape

OUTPUT REG. j D CLK

PIN DESCRIPTION

PIN NO.

SYMBOL

NAME AND FUNCTION

POLARITY

10-13
15-18

CLK

li=hs

lo

Fo-7

PR/OE

Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this
line is necessary to update the contents of both registers.

Logic Inputs: The 15 external inputs to the AND array used to program jump conditions
between machine states, as determined by a given logic sequence.

Logic/Diagnostic Input: A 16th external logic input to the AND array, as above, when
exercised with standard TTL levels. When Iy is held at +10V, device outputs Fq_5 reflect
the contents of State Register bits Py _ 5. The contents each Output Register remains
unaltered.

Logic/Diagnostic Outputs: Eight device outputs which normally reflect the contents of
Output Register bits Qg _ 7, when enabled. When |y is held at +10V, Fo_5 = (Po - s), and
Fg, 7 = Logic “1™.

Preset or Uvutput Enable Input: A user programmable function:

® Preset: Provides an Asynchronous Preset to logic *1” of all State and Output Register
bits. Preset overrides Clock, and when held High, clocking is inhibited and Fq_ 7 are High.

Normal clocking resumes with the first full clock pulse following a High-to-Low clock
transition, after Preset goes Low.

» Dutput Enable: Provides an Output Enable function to all output buffers Fq_ 7 from the
Output Register.

Active-High
Active-High/Low

Active-High/Low

Active-High

Active-High (H)

Active-Low (L)

October 16, 1989
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PLS105/A

LOGIC DIAGRAM

» (LOGIC TERMS - T)

s

ERE I C R K

Py
N

©

-

2}

ST T

IR R

(OPTION)

=

¢ TULLRUIUTT

S

v
B

g
N

o
o>

hd
£y

o
ov

A HHHHH !

NOTES:

1. Al AND gate inputs with a blown link float to a logic “1”.
2. All OR gate inputs with a blown fuse float to logic “0".
Programmable connection.

47°°C° " %40 30° CC T3 31T 23T g ge v ey Fessceeg

DY) [BV0] [1V0] [xVe] [5Ve] [rVe] [aVe] f3Vn]  [1Ye] [xVe] [aVe] [aVe] [mVe] (xVe)
v O] |v O] |v Of |7 O] |[v O |v O] |v O] |2 O] v O] |z O] |lvOf|lvOf|eDf{v O
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PLS105/A

TRUTH TABLE %2, 3,4,5,6

LOGIC FUNCTION

OPTION Typlcal State Transition:
ch PR OE CK S R OP/F F @ 01 Qo
H * X X X H H a PRESENT STATE
L +10V X X X an | @ nnn
L X X X X Qn (QF)n STATE REGISTER K-B-C-...
H . X X X Q, Hi-Z _ @ NEXT STATE
+5V L +10V X X X Qq (Qp)n nnn
L X X X X Q, (Qe)n
L X i) L L Q | (@ SETwzfguz-o"m-FWc...
t X 1 L H L L RESET Qy:81 =0
L X T H L H H Ry=(02-0yTo) K-B-C...
L. X T H H IND. | IND.
HOLD Qg: S5 =0
T X X X X X X H “Rz=0
NOTES
. Positive Logic:
SR=Tor Ty Tor . + Ty VIRGIN STATE

To=Cllols lo.. ) (PoPy..

The desired function is a user-programmable option.
. T denotes transition from Low-to-High level.

R =S = High is an illegal input condition.
*=HorLor+10V.

X = Don't Care (<5.5V).

onmsw N

ORDERING INFORMATION

Ps)
. Either Preset (Acuve—ngh) or Output Enablé (Active-Low) are available, but not both.

DESCRIPTION

ORDER CODE

28-Pin Plastic DIP (600mil-wide)

PLS105N, PLS105AN

28-Pin Plastic Leaded Chip Carrier

PLS105A, PLS105AA

ABSOLUTE MAXIMUM RATINGS?

The factory shipped virgin device contains all

fusible links intact, such that:

1. PR/CEoptionis setto PR. Thus, alloutputs
will be at 17, as preset by initial power-up
procedure.

. All transition terms are disabled (0).

. All S/R flip-flop inputs are disabled (0).

. The device can be clocked via a Test
Array pre-programmed with a standard
test pattern.

NOTE: The Test Array pattern MUST be
deleted before incorporating a user
program. This is accomplished
automatically by any Signetics qualified
programming equipment.

H WD

THERMAL RATINGS
RATINGS TEMPERATURE

SYMBOL PARAMETER MIN MAX UNIT Maximum junction 150°C
Vec Supply voltage +7 Voc Maximum ambient 75°C
Vin Input voltage +5.5 Voc Allowable thermal rise 75°C
Vout Output voltage +5.5 Voc ambient to junction
In Input currents -30 +30 mA
lout Qutput currents +100 mA
Tamo Operating temperature range 0 +75 °C
Teyg Storage temperature range -65 +150 °C

NOTES:

1. Stresses above those listed may cause malfunction or permanent damage to the device. This
is a stress rating only. Functional operation at these or any other condition above those

indicated in the operational and programming specification of the device is not implied.

October 16, 1989
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DC ELECTRICAL CHARACTERISTICS
0°C < Tom < +75°C, 4.75V < Vg < 5.25V

LIMITS
SYMBOL PARAMETER TEST CONDITION MIN | TYP! | MAX | = UNIT
Input voltage?
Viy High Vee = MAX 20 \
Vi Low Vee = MIN 0.8 \
Vic Clamp? Vee = MIN, Iy = -12mA -08 -1.2 \
Output voltage?
Vee = MIN
Vou Higl"l4 lon = —-2mA 2.4 Vv
- VoL Low5 loL = 9.6mA 0.35 0.45 \)
Input current
M High Vin =5.5V <1 25 HA
I Low ‘ ‘ Vin = 0.45V -10 -100 HA
[ Low (CK input) Viy = 0.45V -50 -250 HA
Output current
Vee = MAX
IO(OFF) Hi-Z state® Vour = 5.5V 1 40 HA
Vour = 0.45V -1 —40 HA
los Short circuit3: 7 . Vour =0V -15 =70 mA
lee Vee supply current® Vee = MAX 120 180 mA
Capacitance®
i Vcc =50V .

Cin Input Vin =2.0V 8 pF
Cour . Output Vourt = 2.0V 10 pF

NOTES:

1. All typical values are at Vg = 5V, Tamp = +25°C.

2. All voltage values are with respect to network ground terminal.

3. Testone ata time.

4. Measured with V|_applied to OE and a logic high stored, or with V4 applied to PR. )

5. Measured with a programmed logic condition for which the output is at a low logic level, and V)_applied to PR/OE Output sink current is
supplied through a resistor to Vgc.

6. Measured with V|, applied to PR/CE.

7. Duration of short circuit should not exceed 1 second.

8. Icc is measured with the PR/OE input grounded, all other inputs at 4.5V and the outputs open.
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AC ELECTRICAL CHARACTERISTICS
R = 470Q, Ry = 1kQ, Ci = 30pF, 0°C < Tamp < +75°C, 4.75V < Vog < 5.25V
LIMITS
SYMBOL PARAMETER FROM TO PLS105 PLS105A UNIT
MIN T TvP' | MAX | MIN | TYP! | MAX

Pulse width
kK Clock? High CK+ CK- 25 15 20 15 ns
tokL Clock Low CK- CK + 25 15 20 15 ns
tckp Clock period CK + CK+ 50 30 40 30 ns
tPRH Preset pulse PR+ PR- 25 15 25 15 " ns
Setup time? }
tis1A Input Input £ CK + 60 40 ns
tis1B Input Input £ CK + 50 30 ns
tig1C nput Input + CK + 42 N/A ns
tisoA Input (through Complement Array) Input+ CK+ 90 70 ns
tis2B Input (through Complement Array) Input CK + 80 60 ns
tis2C Input (through Complement Array) Input CK+ 72 N/A ns
tvs Power-on preset Vee + CK- 0 -10 0 -10 ns
teRs Preset PR- CK- 0 -10 0 -10 ns
Hold time
ty Input CK+ Input+ l 5 I -10 I | 5 | -10 I | ns
Propagation delay
tcko - Clock CK+ Output + 15 30 15 20 ns
toe Output enable* OE - Output — 20 30 20 | 30 ns
top Output disable* CE + Output + 20 30 20 30 ns
teR Preset PR+ Output + 18 30 18 30 ns
treR Power-on preset Voo + Output + 0 10 [¢] 10 ns
Frequency of operation?
fuaxC Without Complement Array 13.9 20.0 MHz
fuaxC With Complement Array 9.8 12.5 MHz

NOTES:

1. All typical values are at Vg = 5V, Tamp = +25°C.

2.
3. See “Speed vs. OR Loading” diagrams.
4.

To prevent spurious clocking, clock rise time (10% — 90%) < 30ns.

For 3-State output; output enable times are tested with C = 30pF to the 1.5V level, and S is open for high-impedance to High tests and

closed for high-impedance to Low tests. Output disable times are tested with C = 5pF. High-to-High impedance tests are made to an output

voltage of V1 = (Voiy — 0.5V) with S; open, and Low-to-High impedance tests are made to the V1 = (Vg + 0.5V) level with S, closed.

TEST LOAD CIRCUIT VOLTAGE WAVEFORMS
5
Vee T s +20V— ——
L L 3
Cq C2 2R
OFE ja——o ov
o — 5 —
lo YT 5n: tg t 5n
- | | !
| | R cL +30V
INPUTS | oliys  DUT | 9 0%
|
| 1 10%
ov——
o————»{ cK Bz L_ __4
GND OUTPUTS — Sn Si
_[ MEASUREMENTS:
- All circuit delays are measured at the +1.5V level of
NOTE: inputs and outputs, unless otherwise specified.

C1 and C3 are to bypass Voe to GND.

Input Pulses

October 16, 1989
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PLS105/A

TIMING DIAGRAMS

TIMING DEFINITIONS

+3V
lo-15 -><|.sv (1.5
ov

" 4H

f—m 43V
!.5V7 1.5V 1.5V
CLK === oV

e
T b CKP:
\ VoH
Fo-7 L 1.5V \ A[ vt
tcKO™| VoL
fMax ‘00
+3V
OE 1.5V; 1.5V
ov
10E
Sequential Mode
- +3V
o-15 15V
- ov

CLK

Foz

PR

Asynchronous Preset

+5V
Lasv
Vee 1
ov
e \ppa—-|
N VoH
Fo-F7 EQ\WLSV [Fal=1 1,5\§‘ [F+1]
VoL
tekp icko
7 ,—— +3V
CLK 1.5V~ 1.5V 1.5V
. T " ; o
NS v
9=l 1.5V 1.5V
ov
s — 1ty

Power-On Preset

SYMBOL

PARAMETER

ekH

Width of input clock pulse.

ekl

Interval between clock pulses.

tekp

Minimum guaranteed Clock
period.

tisy

Required delay between
beginning of valid input and
positive transition of clock.

tis2

Required delay between
beginning of valid input and
positive transition of Clock,
when using optional
Complement Array (two
passes necessary through the
AND array).

Required delay between Vcc
(after power-on) and negative
transition of Clock preceding
first reliable clock pulse.

trRs

Required delay between
negative transition of
Asynchronous Preset and
negative transition of Clock
preceding first reliable clock
pulse.

tn

Required delay between
positive transition of Clock
and end of valid input data.

Delay between positive
transition of clock and when
outputs become valid (with
PR/CE Low).

toe

Delay between beginning of
Qutput Enable Low and when
outputs become valid.

Delay between beginning of
Output Enable High and
when outputs are in the
OFF-State.

tsRE

Delay between input lg
transition to Diagnostic mode
and when the outputs reflect
the contents of the State
Register.

tsRD

Delay between input Iy
transition to Logic mode and
when the outputs reflect the
contents of the Output
Register.

Delay between positive
transition of Preset and when
outputs become valid at “1”.

tepR

Delay between V¢ (after
power-on) and when outputs
become presetat*1”.

tpRH

Width of preset input pulse.

fmax

Minimum guaranteed
operating frequency.
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PLS105/A

TIMING DIAGRAMS (Continued)

ly=lis >( 1.5V
7!Zov —\~§ 8oV
L > 1.5V 1.5V \
I*—tH
cK 7(1.sv jr 1.5V
INTERNAL s cKH™ ]
STATE REG. o o
Q-0Qs
7
Fo-Fs o 15V ‘ 15V (Fryt)
I~ tcko
OE

Diagnostic Mode

43V
ov
+10V
3V
ov
SV
ov
VoH
VoL
Vo

VoL

ov

SPEED VS. “OR” LOADING

The maximum frequency at which the PLS
can be clocked while operating in sequential
modeis given by:

(1/fmax) = toy = s + tcko

This frequency depends on the number of
transition terms T, used. Having all 48 terms
connectedin the AND array does not appre-
ciably impact performance; but the number
of terms connected to each OR line affects
tis, due to capacitive loading. The effect of

" this loading can be seen in Figure 1, showing
the variation of tjg4 with the number of terms
connected per OR.

The PLS105 AC electrical characteristics
contain three limits for the parameters tig,
and ts, (refer to Figure 1). The first, tigya is
guaranteed for a device with 48 terms con-
nectedto any ORline. tigygis guaranteed for
adevice with 32 terms connected to any OR
line. And tigyc is guranteed for a device with
24 terms conntected to any OR line.

Thethreeotherentries in the AC table, tigp A,
B, and C are comresponding 48, 32, and 24
term limits when using the on—chip Comple-
ment Array.

The PLS105A AC electrical characteristics
contain two limits for the parameters tig; and
tis2 (refer to Figure 2). The first, tigq4 is guar-
ant